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GO-SHIP CLIVAR A16S Cruise Track

Introduction

The GO-SHIP CLIVARCG, cruise in the South Atlantic on NOAA shiRonald H. Brown was successfully
completed wer the period from 23 December 2013 to 05 February 2014. This cruise is part of a decadal series of
repeat hydrographsections jointly funded by N®A-CPO/COD and NSF-OCE as part of the GO-SHIP (Global
Ocean Ship-Based Hydrographic véstigations Program) CLIVAR/C@hydrography/tracer program
(http://ustydro.ucsd.edu). The goal of this effort is to oogcapset of hydrographic transecty@ the global ocean

with full water column measurements to study physical and hydrographic trends and variesilitme.

The A16S cruise lgen in Recife, Brazil and ended in Punta Arenas, Chile. Warademic institutions and two

NOAA research laboratories participated in the cruise. The A1l6S section ran due south along 25°W from
approximately 6°S to 35°S, and then transited in a Southwest direction to South Georgia Island at 54°5e36°W

last part of the section crossed the Scotia Sea with a terminus at 60°S, BfiSVis a repeat of the section
previously occupied by the U.S. in 1989 and 2005. A total of 113 full water column GIADCP/rosette casts

were completed along the A16S section at 30 nautical mile (nm) (54 km) spacing, with closer spacing at the basin
boundaries near South Gg@. Measurements tak from the instrument package include temperature, salinity,
oxygen, currents (LADCP), micro-turbulence structure (Chipod), particles (transmissometer), and colored dissolved
organic matter CDOM (fluorometry). Approximately 2700 Bullister bottle samples were collected on these casts
and analyzed for a variety of parameters including salidisgolved oxygen, nutrients, chlorofluorocarbons (CFCs),

Sk, dissolved inoganic carbon (DIC), alkalinitypCO,, pH, carbon isotopesifC DIC), dissolved aganic carbon

(DOC), 0/, helium, tritium, densityand trace metals.

Undervay data collection included uppecean current measurements from the shipboard ADRFace
oceanographic (proxi-chlorophyll by fluoromettgmperature, salinityCO,) and meteorological parameters from
the ships <ientific sewater supply bathymetric data and atmospheric measurements of CCs, and S



Data from this cruise arevalable from CCHDO at:

http://cchdo.ucsd.edu/data_accessisharuise?ExpoCode=33R020131223
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Background

The CLIVAR Repeat HydrograghProgram focuses on the need to monitareiriories of CQ, tracers, heat and
freshwater and their transports in the ocedsarlier programs under WOCE and JGOFS provided a baseline
obsenational field for these parameters. Thewvnmeasurements veal much about the changing patterns on
decadal scales. The program serves as a backbone to assess changes in théiaygsastiemical cycle in
response to natural and/or man-induced activiobal changes in the oceartfansport of heat and freshwater,
which can hee a gnificant impact on climate, can be followed through these long-term measurements. The
CLIVAR/CO, Repeat HydrographProgram provides a robust observational framek to monitor these long-term
trends. Theseneasurements are in support of:

* Model calibration and testing

»  Carbon system studies

* Heat and freshwater storage and flux studies

» Deep and shalie water mass and ventilation studies
»  Calibration of autonomous sensors

This program follows the irasion of anthropogenic C{and transient tracers into intermediate and deep water on
decadal timescales and determines the variability of thganiar carbon system and its relationship to biological
and physical processes. More details on the program can be found at the website: ittm/licsid.edu. Specific
information about this cruise can be found at:

http://www.aoml.noaa.gov/ocd/gcc/A16S 2014/

Thanks to science participant Rachel Skyelta her informal "blogs" that recount cruise/port highlights. A link to
this blog can be found on the cruise website.
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NOAA/AOML  Molly Baringer Molly.Baringer@noaa.gov

Salinity NOAA/AOML  Molly Baringer Molly.Baringer@noaa.gov

UW & Discrete pCQ NOAA/AOML  Rik Wanninkhof Rik.Wanninkhof@noaa.gov
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NOAA/AOML  Jia-ZhongZhang

Rik.Wanninkhof@noaa.gov
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Nutrients NOAA/PMEL  Calvin Mordy Calvin.W.Mordy@noaa.gov
Dissohed O, NOAA/AOML  Molly Baringer Molly.Baringer@noaa.gov
RSMAS ChrisLangdon clangdon@rsmas.miami.edu
Total Alkalinity/pH RSMAS FrankMillero fmillero@rsmas.miami.edu
Chlorofluorocarbons(CFCs)/gF NOAA/PMEL  JohnBullister John.L.Bullister@noaa.gov
3 " LDEO PeterSchlosser peters@Ideo.columbia.edu
He/Tritium . . o .
WHOI William Jenkins wjenkins@whoi.edu
CDOM UCSB/MSI Craig Carlson carlson@lifesci.ucsb.edu
Chipod osu Jonathan Nash nash@coas.oregonstate.etu
ADCP/Lowered ADCP U Hawai Eric Firing efiring@havaii.edu
FSU William Landing wlanding@fsu.edu
Trace Metals UH ChrisMeasures measures@vai.edu
C/DIC WHOI Ann McNichols amcnichol@whoi.edu
PU RoberkKey key@princeton.edu
DOC RSMAS Dennis Hansell dhansell@rsmas.miami.edd
SIO James$Swift jswift@ucsd.edu
Data Management SIO Susan Beak sbecker@ucsd.edu




Scientific Personnel GO-SHIP CLIVAR A16S

Duties Name Affiliation email

Chief Scientist Rik Veinninkhof AOML rik.wanninkhof@noaa.gov
Co-Chief Scientist Leticia Barbero AOML/CIMAS leticia.barbero@noaa.go

Data Management AkeQuintero SIO alexq@ucsd.edu

CTD Data Processor Kristene McTagy PMEL kristene.e.mctaggart@noaa.gov
CTD watch-stander  Jonath&hristophersen FSU jacl0r@my.fsu.edu

CTD watch-stander  GabrielM/eiss U Havaii gweiss@hwaii.edu

LADCP LoraVan Uffelen U Havalii loravu@havaii.edu
LADCP/Salinity JayHooper V AOML/CIMAS  james.hooper@noaa.gov
Salinity Edward Hunt Contract edhuntjones@mindspring.com
O, Laura Stoltenbey RSMAS |.stolti@yahoo.com

O, Andrew Stefanick AOML Andrew.Stefanick@noaa.gov
Nutrients Charlegischer AOML Charles.Fischer@noaa.gov
Nutrients EricWisegarver PMEL eric.wis@aver@noaa.gov

DIC RobertCastle AOML robert.castle@noaa.gov

DIC JulieArrington PMEL julie.seahorse@gmail.com
Alkalinity/pH RyanWoosley RSMAS rwoosley@rsmas.miami.edu
Alkalinity/pH CarmenRodriguez RSMAS crodriguez@rsmas.miami.edu
Alkalinity/pH JuliePane RSMAS julie.seahorse@gmail.com
Trace Metals William Landing FSU wlanding@fsu.edu

Trace Metals Rachel Shejle FSU rshelley@fsu.edu

Trace Metals Chris Measures U Hawai measures@hvaaii.edu

Trace Metals Mari& Hatta U Havalii mhatta@ hwvaii.edu

CFCs/Sk David Wisearver PMEL eric.wisgaver@noaa.gov
CFCs/Sk Parick Mears U Texas patrickamears@gmail.com
Helium/Tritium anthory dachille LDEO dachille@ldeo.columbia.edu

DI ¥*c/DOC \alentina Gonzalez-CacciaWHOI valecaccia@yahoo.com
Chipod Byunghd.im Oosu blim@coas.oregonstate.edu

Measurement Program Summary

NOAA Ship Ronald H. Brown departed Recife, Brazil, after a 2-day delay waiting for thearof two drums of
conducting cable for the CTD winch, early morning on 23 December 2013 avalanriPunta Arenas, Chile on 5
February 2014. A total of 113 stations were occupied during the A16S cruise wdschuw from north to south.

The stations encompassed 113 CTJA@DCP/rosette casts and 58 trace metal casts. Fourtegm firats were
deployed during the cruise. CTD/Qlata, LADCP data, Chipod data, and 24tev samples were collected on the
main CTD casts. Twebs amples were collected on most trace metal castth We use of the main rosette
equipped with an altimeteeach cast came to within 8-20 meters of the bottom (see Appendix). The trace metal
casts went to a depth of approximately 1000 metensalF occupied stations, a 24-position, 11-liter Bullister bottle
rosette frame (NOAA/AOML white frame)as used. A dedicated winch, 12-position rosette with 10-liter GO-FLO
bottles, a white specially coated Rosette frame and special cablmidarace metal contamination, supplied by

UH/FSU was usedvery other station for trace metals. Salinity and nutrient samples were collected and analyzed on
all the water samples collected from the CTD and trace metal casts. Detailed sample collection from the trace metal
casts is outlined in the Trace Metals section describing the UH/FSU trace metal analytical program. The distribution
of the Bullister bottle samples during the course of the cruise can be seen in Figures 1.1 and.1.2 belo

1. CTD Data Acquisition and Rosette Operation
CTD Underwater Package

Sea-Bird instrumentation a8 mounted in a white 24-position aluminum frame with 24, 11-liter PMEL Bullister
bottles and PMEL 24-position carousel combination s/n 3210881-09%8 (stations 1-44) or s/n 3217371-0163



(pylon, stations 45-113) and s/n 3232696-0471 (tripping mechanism, stations 1-30) or s/n 3217371-0163 (tripping
mechanism, stations 31-113). Sea-Bird sensors on the package includedsApM& CTD s/n 09P54833-0957

and shared TCO (temperature, conductjigygen) sensors: primary TCO s/n 03-02/F-1370, 04C-3860, 43-0664
with 05T-1227; and secondary TCO s/n 03-02-1710, 04C-1467, 43-1890 (stations 1-80) or 43-154 (stations 81-113)
with 05T0819. Equaldistance between the temperature sensors was BMEBE 35K internally recording
reference temperature sensor s/n 54996-0072. Also mounted on the underwater paskadéetvox load cell s/n

8756, Kongsbey dtimeter s/n 1108078 (stations 1-8) or s/n 1108080 (stations 9-113) and battery pasl5QH’

kHz downward looking LACDP and battery pack, TAM&Cstar transmissometer s/n CST-327DR, UGSRetlabs

CDOM fluorometer s/n FLCDRTD-3117(all stationscept 11-12), AOMIs Wetlabs fluorometer s/n FLRTD-2088
(stations 11-12), , and 5 Chipod sensors and battery pack. There was no room to mount a pinget.

The underwater package was electrically terminated to theDr822" cable on the aft winch using hot glue in heat
shrink. Agrounding strap was necessary at the winch tgepteacquisition alarms and erroré strand of armor
was ot used in the electrical termination as recommended by Sea-Bird.

CTD Data Acquisition

The CTD data acquisition system consisted of the sHBE-11plus (V2) deck unit s/n 11P9852-0367 and a
networled Dell Optiplet 755 PC workstation running Windows XP Professional. SBE S8eagé.21d software
(c.2011) was used for data acquisition and to close bottles on the rosette. Real-time digital data eenepbiagk
the data manageand rav data files were arctd immediately after each cast on a thumlvelrds well as on
Suney and PMEL networked PCs. No real-time data were lost during this cruise.

CTD deployments were initiated by Sayvdter the Bridge advised that the ship was on station. The computer
console operator maintained a CTD Cast log recording position and depth information at the surface, depth, and end
of each cast; a record ofegy attempt to close a bottle, andygrertinent comments.

After the undenater package entered the watbe winch operator would lower it to 15 meters and hold. After a
60-second startup delathe pumps turned on. The console operator watched the CTD data for reasonable values,
waited three minutes at the soak depth for sensors to stabilize, instructed the winch operator to bring the package to
the surface, paused for 20 seconds, amgdrbthe descent to a @&t depth approximately 10 meters abddhe sea

floor. The descent rate was nominally 30 m/min to 50 m, 45 m/min to 200 m, and 60 m/min deeper than 200 m.
These rates could vary depending on sea cable tension and the sea state.

The console operator monitored the progress of the geglot and quality of the CTD data through interaeti
graphics and operational displays. The Chief or co-Chief created a sample log for the cast that would be used to
record the water samples taken from each Bullister botthe altimeter channel, CTD depth, wire-out, and EM122
battymetric depth were all monitored to determine the distance of the package from the bottaing adicsafe
approach to within 10 meters.

Bottles were closed on the upcast through the soéwand were tripped 30 seconds after stopping at a bottle depth

to allow the rosette wakto dssipate and the bottles to flush. The winch operator was instructed to proceed to the
next bottle stop 15 seconds after closing bottles to ensure that stable CTD and reference temperature data were
associated with the trip.

Near the surface, Sugy drected the winch to stop the rosette just beneath thacgurfAfterthe surface bottle was
closed, the package was reeed. Onceon deck, the console operator terminated data acquisition, turhdeof
deck unit, and assisted with rosette sampling.

At the end of each cast, primary and secondary CTDO sensors were flushed with a solution aftditdkeii de-

ionized water using syringes fitted with tubing. The syringes were left attached to the temperature ducts between
casts, with the temperature and conductivity sensors immersed in the rinsing solution to girestaadporne
contaminants. The transmissometer windows were cleaned and capped after each cast with the same solution to
prevent salt uildup. Thebase of the fluorometer was also cleaned but not capped after each cast.

Acquisition Problems

During the test cast, the primary conductivity sensor failed on the downcast and was replaced prior to the first station
with newv 04C sensor s/n 3860.



During cast 7 and thereaftahe fluorometer desloped a positie dfset and noisy»>&ursions bela about 3000

dbar The connection at the fluorometer as well as the y-cable between the optical sensors were tested and found not
to be the problemAOML’s FLRTD-2088 was used without issue on casts 11 and 12 to further confirm the problem
was with the UCSB sensor.

Kongsbeg dtimeter s/n 078 was replaced with s/n 080 after the signal went full scale near the bottom of cast 8.
Prior to cast 14, the Kongslgedtimeter battery s/n 01 was replaced with s/n 02 after corrosion aeckggtting

was found at the connectoiThe battery charger was alswéstigated and the metal case was left open to facilitate

air ventilation. Thealtimeter battery was chargedeey day rather thanvery other day because it seemed not to
hold a charge as long agpected. Théithium batteries likely need to be replaced aftetess years of use na

The carousel trigger mechanism s/n 471 was replaced with s/n 163 prior to cast 31 after baite 18 ¢lose for
the third time. The carousel pylon s/n 53 was replaced with s/n 163 prior to cast 45 after batiled1® fclose
another four times.

The transmissometer windacaps were left on during cast 41.

During cast 48, within the top 200 db of the upcast, the bottle firing a@&ftdid not increment properlyAs a

result, Niskins 21-24 didb’close and the bottle data for Niskins 20, 21, and 23 were bad, and no reference
temperature data were captured at those three depths. CTD data for Niskins 22 and 24 were good but there were no
water samples tadn. Shutting dan the acquisition computer and rebootingefixthe problem, and it was done

evay other day after that.

Secondary oxygen sensor s/n 1890 was replaced with s/n 0154 prior to cast 81. The Secondary TCO sensors were
slimed during cast 80 at 1600 dbar on the downcast, and secondary oxygémedmhel so it was replaced with

AOML s/n 154 prior to cast 81. After vigorous flushing with dilut&#dn-X solution, temperature and conductivity
differences remained the same. The/&ygen differences wereven better than before.

At the bottom of cast 87/2, modem errorsvarged bottles from being fired through the safter or through the
deck unit. Carousel s/n 163 was found to be at fault and was replaced with s/n 471. The station was reoccupied
successfully as cast 87/3.

During cast 113/1, modulo errors indic&tid data dropouts lgen on he downcast and increased significantly at
depth. Communicatiowas lost to the carousel so the cast was aborted. After extawstibleshooting, including

a rew dectrical termination, a second cast 113/3 was successfully collected, along with water samples. This cast still
contained se&ral modulo errors, which was belid to be @aused by the wire since there was onlyva figeters cut

off of it during termination. The top ~20 meters are usually discaded during retermination, getting rid of the section
that is repeatedly straineda the block during deployments and reeges.

CTD Data Processing

The reduction of profile data gan with a standard suite of processing modules using Sea-Bird Data Processing
Version 7.21d software in the following order:

* DATCNYV corverts rav data into engineering units and creates a .ROS bottle file. Both down and up casts were
processed for scan, elapsed time(s), pressure, t0, t1, cO, c1, oxvol, oxvo2, ox1 aBptme?.sensor data were
cornverted to wltages and also carried through the processing stream. MARKSCAN was used tueslapans
acquired on deck and while priming the system under water.

* ALIGNCTD aligns temperature, conductivignd oxygen measurements in time refat pressure to ensure that
derived parameters are made using measurements from the same parcel of Waierry and secondary
conductvity were automatically advanced in the V2 deck unit by 0.073 seconds. No further alignment was
warranted. ltwas ot necessary to align temperature or oxygen.

* BOTTLESUM averages burst dataver an 8second interal (+ 4 seconds of the confirm bit) and dexs both

primary and secondary salinitpotential temperature ¢ ), and potential density anomaly,]. Primary and
secondary oxygen (inmol/kg) were detied in DATCNV and @eraged in BOTTLESUM, as recommended recently

by Sea-Bird.

* FILTER applies a l pass filter to pressure with a time constant of 0.15 seconds. In order to produce zero phase
(no time shift) the filter is first run forward through the file and then run backwards through the file.



* CELLTM uses a recurge filter to remae onductvity cell thermal mass #&fcts from measured conductivityn
areas with steep temperature gradients the thermal mass correction is on the order of 0.005IP&8&Bareas
the correction is rgdigible. Nominalvalues of 0.03 and 7.0 s were used for the thermal anomaly amplitueied
the thermal anomaly time constagt), respectiely, as siggested by Sea-Bird.

* LOOPEDIT remwaes <ans associated with pressure slowdowns ametsas. Ifthe CTD \elocity is less than
0.25 m/s or the pressure is not greater than the previous maximum scan, the scan is omitted.

* DERIVE uses 1-dbarvaraged pressure, temperature, and conditigtio compute primary and secondary salinity,
as well as more accurate oxygen values.

* BINAVG aveages the data into 1-dbar binSach bin is centered on an integer pressure value, e.g. the 1-dbar bin
aveaages scans where pressure is between 0.5 dbar and 1.5Tteae is no surface bin. The number of points
avaaged in each bin is included in the data file.

» STRIP remaes axygen that was deréd in DATCNV.
* TRANS corverts the binary data file to ASCII format.

Package slowdowns andwersals owing to ship roll can nae mxed water in tw to in front of the CTD sensors and

create artificial density wrersions and other artitts. Inaddition to Seasoft module LOOPEDNMATLAB program
deloop.m computesalues of density locally referenced betwegarg 1 dbar of pressure to compute the square of

the buoyang frequeng, N2, and linearly interpolates temperature, conductjvityd oxygen voltage v@r those

records where Nis less than or equal t1x10°m/s’. Some profiles failed the criteria in the top 5-13 dbars. These
data were retained by program deloop_post.m and will be flagged as questionable in the final WOCE formatted files.

Program calctd.m reads the delooped data files and applies preliminary calibrations to temperature, coddctivity
oxygen; and computes calibrated salinity.

Pressure Calibration

Pre-cruise pressure calibrations did not account for the 2.4 dbar mean offset that existed with CTD s/n 0957. This
offset was not applied during data acquisition but was subtracted prior to preliminary salinity and oxygen
calibrations and to the preliminary data set at the end of the cruise.

On-deck pressure readings prior to each cast weamieed and remained within 0.5 dbar of their offsets.
Differences between first and last submerged pressures for each cast were also examined and the residual pressure
offsets were also less than 0.5 dbar.

Post-cruise, the ship’barometric pressure recordas used to correct the CTD pressure sensor by -2.4505 dbar.
This uniform correction was based on comparing in-air presaltes from the CTD to the shipbarometer and

setting the pressure to 0 dbar at standard atmospheric pressure (1013.25 millibars), which is the TEOS-10 definition.
An average offset was calculated for the entire cruise.

Pressure calibrations were applied to profile data using program calctd.m and to burst data using calclo.m.

Temperature Calibration

A viscous heating correction of -0.0006°C was applied (as recommended by Sea-Bird) prior to preliminary
temperature, conductivitgnd oxygen calibrations; and to the preliminary data set at the end of the cruise.

Post-cruise, SBE 35 reference temperature sensor data were used to correct SBE 3 temperature sdtsor data.
each SBE 3 sensaesiduals between its data and that from the SBE 35 were minimized to determine a slope, offset,
and pressure correction term to be applied to temperatures haletermined pressure-or secondary temperature
sensor s/n 1710, these values were 8.0555e-04, -3.4122e-06, -2.9144e-07, and 2ieKpdbiaely.

Temperature corrections were applied to profile data using program calctd.m and to burst data using calclo.m.

Conductivity Calibration

Seasoft module BOTLESUM creates a sample file for each cast. These files were appended using program
sbecal.f. Prograraddsal.f matched sample salinities to CTD salinities by station/sample number.



For secondary conductivity sensor s/n 1467, a quadratic station-dependent slope, a singlevitgrinlasti and a
single pressure correction (pressure times measured contyjcitvere determined using program calcop2.m to
produce the best fit to sample data for stations 1-113:

* number of points used 2204
« total number of points 2636

* % of points used in fit 83.61

« fit standard deiation 0.001128

« fit bias 0.0033106492
« fit co pressure correction -3.5805367e-007
* min fit slope 0.99990882
» max fit slope 0.99998348

Conductvity calibrations were applied to profile data using program calctd.m and to burst data using calclo.m.
CTD-bottle conductivity differences plotted against station number (Figure 1.1) and pressure (Figurevi.2) allo
visual assessment of the success of the fits.

CTD-Bottle Conductivity (mS/cm)

X 10° Final Calibrated Conductivity Residuals
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Figure 11 A16S CTD-bottle conductivity diérences versus station.
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Figure 12 A16S CTD-bottle conductivity diérences versus pressure.

Oxygen Calibration

A hybrid of the Owens-Millard (1985) and Murphy-Larson (revised 2010) oxygen sensor modeling equations was
used to calibrate the SBE-43 oxygen sensor data from this cruise. The equation has the form

dV OSTxTcorPxPcor
OXx = Socx +V o + DIxXP+D2xT ¥ ¥ x -
V' # Vor + 7 ot 2BBT

Where Ox is the CTD oxygenutol/kg), Soc is the oxygen signal slope, V is the measured oxygen voltage (in

dav . . . . _ )
volts), i is the temporal gradient of the oxygeoltage (in volts/s estimated by running linear fits made 6

seconds), P is the CTD pressure (in dbar), T is the CTD temperature (in °C), and Os is the oxygen saturation
computed from the CTD data folling Garcia & Gordon (1992)Oxygen sensor hysteresis was imyawd by

matching upcast bottle oxygen data to downcast CTD data by potential density anomalies referenced to the closest
1000-dbar interval using program match_sgn.ne Med the values provided by SBE for each sensor for the
constants D1(1.92638 and D2 (-4.6480¢&) to model the pressure and temperature dependence of the response
time for the sensofFor each group of stations fit we determined values of Soc (sometimes station depegdent),V

Teor and Ry, by minimizing the residuals between the bottle oxygen and CTD oxygen by minimizing the residuals
between the bottle oxygen and CTD oxygeaA. (listed in the tables belg represents fitting switches. If the
switches are set to 0,0 the fit is a regular L2 (least squares) norm for the entire group. If the switches are set to 1,0
the fit is a regular L2 norm for the entire group but with a slope that is a linear function of station.nlirtioer

switches are set to 2,0 the program first fits the entire group, then goes back and fits a slope and bias to individual
stations, keeping the other parameters at the gralyes. Ifthe switches are set to 0,1 the fit is a regular L2 norm

for the entire group but it is weighted by the nominal oxygen bottle spacing, thus fitting the deep portion of the water
column better.

Program addsal.f matched bottle sample oxygen values to CTD oxyfyers by station/sample numbBrogram
run_oxygen_cal_ml.m was used to determine calibratiorficmsfts for two sation groupings (owing to a fouling

evant) for primary oxygen sensor s/n 664 determined by visual inspection:
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Stns StarSoc \of Tau Tcor Pcor PointdJsed | StdDe | W

1-79 0.4960 | -0.5128 | 7.8554| -0.0011 0.0404 @483.3%| 1.2185| 20
80-113 0.5172 -0.5110 8.2289 | -0.0026] 0.0390 2891.7%| 1.0956 | 20

Oxygen calibration coefficients were applied to profile data using program calctd.m, andstaddta using
calclo.m.

Calibrated (CTD- bottle) oxygen dierences plotted against station number (Figure 1.3) and preBsyumes(1.4)
allow a visual assessment of the success of the fits

Despiking
Profile 10 was edited afterADCNV to remae three bad 24-Hz records around 57 dbar down and 175 dbar up.

Profile 80 went through some biomass around 1600 dhan dendering the secondary conductivity and oxygen
data unusable.

Final Calibrated Oxygen Residuals

CTD-Bottle Oxygen (umol/kg)

Station Number

Figure L3 A16S CTD-bottle oxygen differenceensus station.
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Final Calibrated Oxygen Residuals

(Bx/10wn) usbAXxO smog-AdLd

3000 4000 5000 6000
Upcast Pressure

2000

1000

Figure 14 A16S CTD-bottle oxygen diérences versus pressure.
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Bottle Sampling and Data Processing
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Figure 11 A16S Sample distribution, stations 1-60.
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Figure 1.2 A16S Sample distribution, stations 61-113.

The NQAA Ship Ronald H. Brown has two Markey DESH-5 winches. The Forward winchawused for all stations

Water Sampling

on A16S. All rosette casts were lowered to within 8-20 meters of the bottom, using both the altimeter to determine

distance. Details of these bottom approaches can be found in the Appendix.

We uilised a sample plan to stagger sample depths for all stations throughout BitEg§ering sample depths was

to avoid spatial aliasing within this sample data set.

The 24-place SBE32 carousel haavfbottle lanyard or mis-tripped bottle problems. Rosette maintenance was

performed on a regular basis. O-rings were changed agdriimrepaired as necessaBpttle maintenance was

performed each day to insure proper closure and sealing. Valves were inspected for leaks and repaired or replaced as
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needed. Perioditeaks were noted on sample logs. Log notes were cross referenced with sampédueatand
quality coded. Log notes, mis-trips, bottle lanyard issues and associated quality codes can be found in Appendix.

Bottle Sampling

At the end of each rosette deytoent water samples were drawn from the bottles in the following order:

*  Chlorofluorocarbons (CFCs)

«  Helium 3He

» Dissolved Oxygen @

» Dicrete pCQ

» Dissolved Inoganic Carbon (DIC)

e pH (sw25)
»  Total Alkalinity (TAIK)
- Ycpic

e Dissolved Oganic Carbon (DOC)
«  Oxygen Isotopes®0/10

e Tritium

e Nutrients
e Density

e Salinity

The correspondence between individual sample containers and the rosette bottle position (1-24) from which the
sample was drawn was recorded on the sample log for theTdastlog also included gncomments or anomalous
conditions noted about the rosette and bottles. One member of the sampling team was desigszatpte ttop,

whose sole responsibility was to maintain this log and insure that sampling progressed in the proper drawing order.

Normal sampling practice included opening the drainevai then the air vent on the bottle, indicating an air leak
if water escaped. This obseation together with other diagnostic comments (e.g., "lanyard caught in lid"e el
open") that might later pve wseful in determining sample ingety were routinely noted on the sample log.
Drawing oxygen samples alsovisived taking the dra temperature from the bottle. The temperature was noted on
the sample log and was sometimes useful in determining leaking or mis-tripped bottles.

Once individual samples had been drawn and properly prepargdwtre distributed for analysis. On-board
analyses were performed on comptassisted analytical equipment networked to the data processing computer for
centralized data management.

Bottle Data Processing

Shipboard CTDO data were re-processed automatically at the end of eachmaeplaising SIO/ODF CTD
processing software v.5.2.0. Thew&TDO data and bottle trips acquired by SBE SeaSa the Windows XP
workstation were copied onto the Linux database and web server syBteraruise calibration data were applied to

CTD Pressure, dmperature and Conductivity sensor data, then the data were processed to a 0.5-second time series.
A 1-decibar down-cast pressure series was created from the time series; CTDO datanincastiowere matched

along isopycnals to upcast trips and extracted, then fit to botttai@ at trips. The pressure series data were used

by the web service for interageti dots, sections and on-board CTDO data distribution; the 0.5 second time series
data were alsovailable for distribution through the web service.

CTDO data at bottle trips were extracted and added to the bottle database to use for CTD Pressure, Temperature and
Salinity data in the preliminary bottle files. Downcast CTDO data, matched to upcast bottle trips along isopycnals,
were used for preliminary bottle file CTDO dat&hen final CTDO data are submitted, the NOAA/PMEL final

PTSO data will replace the preliminary SIO/ODF CTD data in the bottle files.

Water samples collected and properties analyzed shipboard were managed centrally in a relational database
(PostgreSQL-8.1.23-6.el5 8) run on a CentOS-5.9 Linux system. A web service CH&iA2-3 and
AOLServer4.5.1-1) front-end provided ship-wide access to CTD and water sample \Watabased facilities
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included on-demand arbitrary property-property plots and vertical sections as well as data uploads and downloads.

The Sample Log information (andjyadiagnostic comments) were entered into the database once samping w
completed. Qualitflags associated with sampled properties were set to indicate that the property had been sampled,
and sample container identifications were noted where applicable (e.g., oxygen flask number).

Analytical results were provided on a regular basis by #wéowus analytical groups and incorporated into the
database. These results included a quality code associated with each mealswrezhd followed the coding
scheme deeloped for the Wgrld Ocean Circulation Experiment (WOCE) Hydrographic Programme (WHP)
[Joyc94].

Various consistencchecks and detailedkamination of the data continued throughout the crusesummary of
Bottle Data Quality Codes and sampling comments are included in the Appendix.

Analytical Problems

Few bottle problems occured during A16S. Those that occured are noted in the quality table in the Appendix. More
specific details on analysis problems can be found in the various water property sections belo
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2. Salinity
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Figure 21 A16S shallev salinities for stations 1-113.
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Figure 22 A16S all salinities for stations 1-113.

Equipment and Techniques

A single Guildline Autosal, model 8400B salinometer (S/N 60843, nicknamed Joysey), located in salinity analysis
room, was used for all salinity measurements. The autasarecently calibrated on 7/20/2013 before the previous
expedition, A16N. The salinometer readings were logged on a computer using Ocean Scientific International’s
logging hardware and software. The Autosalater bath temperature was set to 24°C, which the Autosal is
designed to automatically maintain. The laborattymperature @&s also set and maintained to just bheld°C, to

help further stabilize readingalues and impne accuray. Salinity analyses were performed after samples had
equilibrated to laboratory temperature, usually at least 12 hours after collection. The salincesestandardized

for each group of samples analyzed (usually 2 casts and up to 52 samples) adiotjlés of standard seater:

one at the lginning and end of each set of measurements. The salinometer output was logged to a computer file.
The software prompted the analyst to flush the instrumegit’and change samples when appropriate. Prior to each
run a sub-standard flush, approximately 200 ml, of the conductivity eslloenducted to flush out the DI water

used in between rung:or each calibration standard, the salinometer cell was initially flushed 6 times before a set of
conductvity ratio reading was taken. For each sample, the salinometer &elinitially flushed at least 3 times
before a set of conductivity ratio readings were taken.
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IAPSO Standard Seater Batch P-154 as used to standardize all casts.

Sampling and Data Processing

The salinity samples were collected in 200 ml Kimax high-alumina borosilicate bottles that had been rinsed at least
three times with sampleater prior to filling. The bottles were sealed with custom-made plastic insert thimbles and
Nalgene scn caps. This assembly prigles very lev container dissolution and sampleaporation. Prior to sample
collection, inserts were inspected for proper fit and loose inserts replaced to insure an airtight seal. Laboratory
temperature was also monitored electronically throughout the cruise. PSS-78 salinity [UNBS&H|eulated for

each sample from the measured conductivity ratios. Tisetdbetween the initial standard weger value and its
reference value was applied to each sample. Then the differencey)ibetween the initial and final vials of
standard semater was applied to each sample as a linear function of elapsed run time. The corrected salinity data
was then incorporated into the cruise database. When duplicate measurements were deewnecibém lzallected

and run properlythey were aeraged and submitted with a quality flag of 6.

On A16S, approximately 3450 salinity measurements weentakcluding 219 duplicates, and approximately 112
vials of standard seater (SSW) were used. Up to eamduplicate sample, one for shallccasts, was drawn from
each cast to determine total analytical precision.

The running standard calibration values and duplicates arev.b8lbrough the course of the 45 day cruise, the
autosal standards changed by 0.00014 in condiyctatio (about 0.005 in salinity). The duplicates taken during the
cruise showed a median precision of 0.08@.0007 psu.

Standard Water Values (x100) vs Station (right psu)
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Figure 21 A16S SSW wlues for stations 1-113. The good and bad starts represent thedlli¥ation standards at
the bginning and end of each run used to calculate and apply the drift correction.
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Duplicate Salinity Differences from SALTS AS LOADED
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Figure 22 A16S salinity duplicates for stations 1-113.

3. Oxygen Analysis
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Figure 31 A16S stations 1-113

Equipment and Techniques

Dissolved oxygen analyses were performed with an automated titrator using amperometric end-point detection
[Langl0]. Samplditration, data logging, and graphical display were performed with a PC running a LabView
program written by Ulises Réro of AOML. Lab temperature was maintained at 19.2-22.7°C. The temperature-
corrected molarity of the thiosulfate titrant was determinedan diy [DOE94]. Thiosulate was dispensed by a 2
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ml Gilmont syringe dsien with a stepper motor controlled by the titratoheTwhole-bottle titration technique of
Carpenter [Carp65], with modifications by Culberson et al. [Culb94} wsed.Three to four replicate 10 ml iodate
standards were rurvery 3-4 days (SD<1 ulL). Standards prepared with43@lution prepared at AOML before the
cruise were compared with standards prepared using &d€ified reference material (OSIL iodate standard). The
K103 solutions from Guildeline were certified to be 1.667 millimolar (0.0100 N). A total of three standards were
prepared using AOML (0.0100 N) KiZolutions and three using the OSIL certified iodate solution (bottles 26017
and 26012), with a mean and S.D. of 702047 uL and 706.21+0.11 ulL, respeely. The reagent blank
determined as the difference between V1 and V2, the volumes of thtestdfjuired to titrate 1-ml aliquots of the
iodate standard, was determined at the beginning, middle and end of the cruisestépnia the technique was to
leave the probes soaking in 10% HN®etween stations. This seemed to keep the response of the detector constant
over time (minimal changes in titration slope).

Sampling and Data Processing

Dissolved oxygen samples were drawn from Bullister bottles into calibrated 125-150 ml iodine titration flasks using
silicon tubing to woid contamination of DOC and CDOM samples. Samples were drawn by counting while the flask
was dlowed to fill at full flov from the Bullister This count was then doubled and repeated therebyiatiothe

flask to be werflowed by two flask volumes. At this point the silicone tubing was pinched to reduce tind¢ofla

trickle. This was continued until a stable wreemperature was obtained on the Oakton méteese temperatures

were used to calculagenol/kg concentrations, and pide a diagnostic check of Bullister bottle integrityml of

MnCl, and 1 ml of NaOH/Nal were added immediately after drawing the sample using a Re-pipeftasks were

then stoppered and shaken well. DIW was added to the neck of each flask to cedatesaall 24 samples plus two
duplicates were drawn at each station. The total number of samples collected from the rosette was 2866.

The samples were stored in the lab in plastic totes at room temperature for 1 hour before analysis. The data were
incorporated into the cruise database shortly after analysis.

Thiosulfate normality vas calculated for each standardization and corrected to the laboratory temperature. This
temperature ranged between 19.2-22.7°C.

Reagent blanks were run at the beginningf@.64L), middle (2.5£0.44L) and end of the cruise (30.8L).

Volumetric Calibration

The dispenser used for the standard solution (SOCOREX Gali?8) and the burette were calibrated
gravimetrically just before the cruise. Oxygen flask volumes were determinedmgtaically with degassed
deionized water at AOML. The correction for buoyaneas applied. Flask volumes were corrected to the draw
temperature.

Duplicate Samples

Duplicate samples were drawn atotwlepths on eery cast, with the exception of a very shall@ast where a
duplicate was drawn at one depth orilize Bullisters selected for the duplicates and hence the oxygen flasks were
changed for each cast. A total of 225 sets of duplicates were runvéfhgestandard deviation of all sets was 0.19

umol/kg.
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SD of duplicate analysis
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Figure 32 Standard deviation of duplicate oxygen analyses performed during A16S. Meaka®.18umol/kg,
IQR was 0.06-0.2@mol/kg, n=223.

Problems

One flask was replaced with afdifent flask from a separate set due to poor fitting of the stoppeachtfidling of
the Nal/NaOH reagent, the dispenser was rinsed out with DIW torpiretieking. None of these problemserose

to the point that the errors exceegrfiol/kg.
Assigned quality codes along with comments can be found in the Appendix.
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Figure 41 A16S silicate stations 1-113
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Figure 42 A16S nitrate stations 1-113
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Figure 43 A16S nitrite for stations 1-113
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Figure 44 A16S phosphate stations 1-113

Equipment and Technigues

Dissolved nutrients (phosphate, silicate, nitrate and nitrite) were measured by using an automated continuous flow
analytical system with segmentedviland colormetric detection. The four channel auto-analyzer was customized
with various components from other systems.

The major components of the nutrient system consisted of an Alpkem auto-sgmpbiel 301), tw peristaltic
pumps, four Lab Alliance monochrometer detectors (model 500) and custonarsoftw digitally logging and
processing the chromatograms. In addition, glass coils were used for the mixing of the nutrients.

Detailed methodologies are described by [Gord94]

Silicic acid was analyzed using a modification of [Arms67]. An acidic solution of ammonium molytamsded

to a sewater sample to produce silicomolybic acid. Oxalic acid was then added to inhibit a secondary reaction with
phosphate. Finallya reaction with ascorbic acid formed the blue compound silicomolybdous atie. color
formation was detected at 814m. Theuse of oxalic acid and ascorbic acid (instead of tartaric acid and stannous
chloride by [Gord94] were employed to reduce the toxicity of our waste steam.

Nitrate and Nitrite analyses were also a modification of [Arms67]. Nitrate was reduced to nitrite via a copperized
cadmium column to form a red azo dye by complexing nitrite wittasildéfmide and N-1-naphthylethylenediamine
(NED). Color formation was detected at 540 nithe same technique was used to measure nitrite, (excluding the
reduction step).

Phosphate analysis was based on a technique by [Bern67]. An acidic solution of ammonium molbyb dalded
to the sample to produce phosphomolybdate acid. Tassreduced to the blue compound phosphomolybdous acid
following the addition of hydrazine salfe. Thecolor formation was detected at 819 nm.

Sampling and Standards

Nutrient samples were drawn in 30ml HDPE Nalgene sample bottles that had been stored in 10% HCI. The bottles
are rinsed 3-4 times with sample prior to fillind.replicate was normally drawn from the deep Niskin bottle at each
station for analysis to reduce carryen Samples were then brought to room temperature prior to analysis. Fresh
mixed working standards were prepared before each analpségidition to the samples, each analysis consisted of

4 replicate standards, 3 deionizedter (DIW) blanks and 3 Matrix blanks placed at the beginning and then repeated

at the end (with the addition of a fourth Matrix Blank) of each rAtso, one mixed working standard from the
previous analytical run as used at the beginning of thewran to determine differences between the srandards.
Samples are analyzed from deep water to theaserf Lav Nutrient Sewvater (LNSW) was used as a wash, base

line carrier and medium for the working standards.
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The working standard as made by the addition of 0.2 ml of primary nitrite standard and 15.0 ml of a secondary
mixed standard (containing silicic acid, nitrate, and phosphate) into a 500ml calibrated volumetric flask of LNSW.
Working standards were prepared daily.

Dry standards of a high purity were pre-weighed at PMHBitrite standards were dissolved at sea. The secondary
mixed standard &s prepared by the addition of 30ml of a nitrate - phosphate primary standard to the silicic acid
standard. Nutrientoncentrations were reported in micromoles per. liteab temperatures were recorded for each
analytical run. All the pump tubing was replaced at least three times during the A16S cruise.

Approximately 3252 samples were analyzed.

5. Chlorofluorocarbons (CFCs) and Sulfur Hexafluoride §F;)
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Figure 51 A16S stations 1-113
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A PMEL analytical system [Bull08] as used for CFC-11, CFC-12, sulfurxhBiuoride (Sk) and nitrous oxide
(N,O) analyses on the 2013 CLIVAR Al6$pedition. Aproximatelyl850 samples of dissolved CFC-11, CFC-12,
and Sk ('CFC/SK’) were analysed. In general, the analytical system performed well for CFC-dan8Hitrous
oxide during the cruiseThere were some analytical problems with CFC-T¢pical dissoled Sk concentrations
in modern surface ater are approximately 1-2 fmolRgseavater (1 fmol= femtomole =10%° moles),
approximately 1000 times lower than dissolved CFC-11 and CFC-12 concentrdtienbmits of detection for S
were approximately 0.03 fmol Ky SF; measurements in sgater remain extremely challenging. Impements in
the analytical sensitivity to this compound atvlooncentrations are essential to radkese measurements more
routine on future CLIVAR cruises.

Water samples were collected in bottles designed with a modified end-cap to minimize the contact of the water
sample with the end-cap O-rings after closing. Stainless steel springedavith a nylon pader coat were
substituted for the internal elastic tubingyaded with standard Niskin bottles. When taken, water samples collected
for dissolved CFC-11, CFC-12 andS#nalysis were the first samples drawn from the bottles. Care was taken to
coordinate the sampling of CFC/SWith other samples to minimize the time between the initial opening of each
bottle and the completion of sample drawing. Samples easily impacted by gas exchange (dissolved’ideygen,

DIC and pH) were collected withinsal minutes of the initial opening of each bottle. Minimize contact with

air, the CFC/SE samples were dven directly through the stopcocks of the bottles into 250 ml precision glass
syringes equipped with three-way plastic stopcocks. The syringes were immersed in a holding tank of clean surface
seavater held at ~10°C until 20 minutes before being analyzed. At that time, the syringe was place in a bath of
surface seaater heated to 30°C.

For atmospheric sampling, a ~75 m length of 3/8" OD Dekaron tubiag mun from the CFC van located on the
fantail to the bav of the ship. A flev of air was dravn through this line into the main laboratory using an Air Cadet
pump. The air was compressed in the pump, with thendtveam pressure held at ~1.5 atm. using a back pressure
regulator A tee allowed a fl of ~100 ml/min of the compressed air to be directed to #sesgample valves of the
CFC/SK analytical systems, while the bulk loof the air (>7 I/min) was vented through the back-pressure
regulator Air samples were analyzed only when the redatiind direction was within 60 degrees of thenbaf the

ship to reduce the possibility of shipboard contamination. Analysiswfavavas performed at ~18 locations along
the cruise track. At each location, at lease far measurements were made to determine the precision of the
measurements.

Analysis

Concentrations of CFC/gn air samples, seater, and gas standards were measured by shipboard electron capture
gas chromatograph (EC-GC) using techniques modified from those described by Bullister amb[Bull88] and



-24-

Bullister and Wisgarver [Bull08], as outlined bela For seavater analyses, ater was transferred from a glass
syringe to a glass-sparging chamber (volume "200 ml). The dissolved gases invtiterssanple were extracted by
passing a supply of CFC/$free purge gs through the sparging chamber for a period of 6 minutes at ~200 ml/min.
Water vapor was remad from the purge gas during passage through a Nafion dZabon dioxide s remwoed

with an 18 cm long, 3/8" diameter glass tube packed with Ascarite and a small amount of magnesium perchlorate
desiccant. The samplages were concentrated on a cold-trap consisting of a 1/16" OD stainless steel tube with a 2.5
cm section packed tightly with Porapak Q (60-80 mesh), a 15 cm section packed with Carboxen 1000 and a 2.5 cm
section packed with MS5A. A Neslab Cryocool CC-100 was used to cool the trap to ~AfIBC6 minutes of

purging, the trap was isolated, and iasvheated electrically to ~175°C. The sample gases held in the trap were then
injected onto a precolumn (~61 cm of 1/8" O.D. stainless steel tubinggadth 80-100 mesh Porasil B, held at

80°C) for the initial separation of CFC-12, CFC-114%iRd CCl, from later eluting peaks. After the SB&nd

CFC-12 had passed from the pre-column and into the second precolumn (25 cm of 1/8" O.D. stainless steel tubing
pacled with MS5A, 80°C) and into the analytical column #1 (174 cm of 1/8" OD stainless steel tubing packed with
MS5A + 60 cm Porasil C held at 80°C), the owtflisom the first precolumn waswdrted to the second analytical
column (180 cm 1/8" OD stainless steel tubing packed with Porasil B, 80-100 mesh, held at 80°C). The gases
remaining after CGlhad passed through the first pre-column, were backflushed from the pre column and vented.
After CFC-12 had passed through the second pre-colummnyvafldrgon-Methane (95:5) as used to dert the

N,O to a hird analytical column (30 cm of MS5A, 150°C). Column #3 and the second pre-column were held in a
Shimadzu GC8 gas chromatograph with an electron capture detector (ECD) held at 330°C. Columns #1, #2, and the
first precolumn were in another Shimadzu G@G8 ghromatograph with ECD. The outflédrom column #2 was

directed to a Shimadzu Mini-2 gas chromatograph (no column) with the ECD held at 250°C.

The analytical system was calibrated frequently using a standardfdnown CFC/Sfcomposition. Gas sample

loops of knavn volume were thoroughly flushed with standard gas and injected into the system. The temperature
and pressure was recorded so that the amourafnjected could be calculated. The procedures used to transfer
the standard &g to the trap, precolumn, main chromatographic column, and ECD were similar to those used for
analyzing water samples. Four sizes a§ gample loops were used. Multiple injections of these loop volumes could
be made to alle the system to be calibrateden a relatively wide range of concentrations. Air samples and system
blanks (injections of loops of CFC/gffee gas) were injected and analyzed in a similar mafihertypical analysis

time for seavater, air, sandard or blank samples was "11 minutes. Concentrations of the CFC-11 and CFC-12 in air,
seavater samples, and gas standards are reportedvesl@tithe SIO98 calibration scale [Prin00] , [Bull10].
Concentrations of SFin air, ssawvater samples, and gas standards are reportedvesiatthe SIO-2005 calibration
scale[Bull10]. Concentratioria air and standard gas are reported in units of mole fraction CFC iradragd are
typically in the parts per trillion (ppt) range. Dissolved CFC concentrations @eg gi units of picomoles per
kilogram sewater (pmol/kg) and S§ concentrations in fmol/kg. CFC/gFoncentrations in air and seater
samples were determined by fitting their chromatographic peak areas to multi-point calibration curves, generated by
injecting multiple sample loops of gas from a working standard (PMEL cylinder WRS72611) into the analytical
instrument. The response of the detector to the range of moles of GR@&3g through the detector remained
relatively constant during the cruise. Full-range calibration earwere run at intervals of 4-5 days during the cruise.
Single injections of a fied volume of standard gas at one atmosphere were run much more frequently (at intervals of
~90 minutes) to monitor short-term changes in detector sensitivity.

The purging efficiencwas estimated by re-pging a high-concentration water sample and measuring this residual
signal. Ata flow rate of 200 cc/min for 6 minutes, the ging efficieny for both Sk and CFC gases was > 99%.
The efficieng for N,O was about 97%.

On this expedition, based on the analysis of more than 190 pairs of duplicate samples, we estimate precisions (1
standard deviation) of about 1% or 0.002 pmol/kg (whiehés greater) for dissolved CFC-12 and CFC-11
measurements. Thestimated precision for gkvas 2% or 002 fmol kg-1, (whicheer is greater). Overall accuracy

of the measurements (a function of the absolute accufathe calibration gases, volumetric calibrations of the
sample gs loops and purge champerrors in fits to the calibration curves and other factors) is estimated to be
about 2% or 0.004 pmol/kg for CFC11 and CFC-12 and 4% or 0.04 fmol/kg dpr SF

A small number of water samples had anomalously high CFC-12 and{otdBEentrations relate © adjacent

samples. These samples occurred sporadically during the cruise and were not clearly associated with other features
in the water column (e.g., anomalous dissolved oxygen, salimitgmperature features). This suggests that these
samples were probably contaminated with CFCgstfifing the sampling or analysis processes.
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Measured concentrations for these anomalous samples are included in the dataafieeglen a quality flag value

of either 3 (questionable measurement) or 4 (bad measurerhesy.than 2% of samples were flagged as bad or
guestionable during thisoyage. Aquality flag of 5 was assigned to samples which wenerdfeom the rosette but
never analyzed due to a variety of reasons (e.g., leaking stopcock, plunger jammed in syringe barrel, etc).

During the cruise an analytical problemvdeped with the analysis of CFC-11. After numerous attempts to solve

the problem, it \as determined that the calibration loop used for monitoring the stability of the deteasor
producing large and variable responséssecond large loop as created and its volume crudely determined using
CFC-12 and nitrous oxidelt is believed this determination of the volume is within about 2% of the true volume,

and will require a robst calibration upon its return in the laboratofjoweve, using this loop allowed the
measurements of CFC-11 to continue. The worst of the problems occurred between stations 30 and 60 and these data
were flagged as questionable.

A significant number of samples in the deep (>3000 m) Brazil Basin between about 20°S and 33°S had anomalously
high Sk concentrations relate © the CFC-11 and CFC-12 concentrations. These higlt&ficentrations occurred

in a coherent pattern in the water colunweranore than 20 stations and are thought to be due to earlier deliberate
deep SEktracer release experiments in this region[Rye12].

6. Discrete pCO,
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Figure 6.1 A16S stations 1-113

Sampling

Samples were dvan from 11-L Bullister bottles into 500 ml glass bottles usiggoh tubing with a Silicone adapter

that fit over the spigot to oid contamination of DOM samples. Bottles were rinsed twice with about 200 ml of
seavater. Then thg were filled from the bottom,werflowing half a wlume while taking care not to entrain any
bubbles. About 5 ml of water were withdrawn to allfor expansion of the ater as it warms and to provide space

for the stopper and tubing of the analytical system. Saturated mercuric chloride solution (0.2 ml) was added as a
preservatie. The sample bottles were sealed with glass stoppers lighteyezbwith grease (Down Corning silicone

high vacuum grease) and were stored at room temperature for a maximum eftwueb/prior to analysis.

The analyses for pCQwere done with the discrete samples at 20°C. A primary water bath was kept within 0.03°C
of the analytical temperature; a secondary bath was kept within 0.3°C of the analytical temperature. The majority of
the samples were analyzed in batches of tvdittles with 17 minute run time, which with standards took
approximately 4 hours. When twelottles were meed into the primary \ater bath for analyses, the next twelve
bottles were meed into the secondary ater bath. Sample bottles spent at least taurs in the secondary water
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bath prior to being meed to the analytical water bath. A spot check indicated that bottom water samples (approx
2°C) reached a temperature of 18.6-18.8°C after 2.5 hours in the pre-bath.

The sampling focus as on drawing full casts/ery 2 degrees in latitude. Duplicate samples from the same Niskin
were drawn to check the precision of the sampling and analysis. Some discrete samples were collected from the
undervay (UW) flowing sea water line aboard the ship. The UW samples will be compared to the results from the
autonomous pCgLinstrument. Most discrete UW samples were collected as a station was being completed.

Over 700 samples were dva at 113 stations. About 28 duplicate samples were collected from the Wyaterea

line. More than 140 sets of duplicate bottles were drawnasibus depths. Theverage relatie deviation
Max — Av . . . . .

(= m) of these duplicate pairsas 0.3%, while the median relatiaror was 0.1%.

Analyzer Description

The principles of the discrete p&®ystem are described in pWn93] and [Chip93]. The major difference in the
current system is the method of equilibrating the the warter sample by passing it once through the equilibriation
module into a drain, with the constantly circulatingsphase. This system uses miniature membrane contactors
(Micromodules from Membrana, Inc.), which contaimtbles of hydrophobic micro-porous tubes in polycarbonate
shells (2.5 x 2.5 x 0.5 cm). The sample water is pumped for 17 mirugethe outside of the tubingubdles in two
contactors in series at approximately 20 ml/min, with a total of 350 ml of the 550 ml of the bottle useas e g
recirculated in a vented loop, which includes the tubing bundles and a non-elisjrdrared analyzer (LI-CORM

model 840) at approximately 24 ml/min. There was a slightvdrao the ent of 0-1 ml/min based on the
fluctuations of an Aalbgrdectronic flav meter on the vent line.

The flow rates of the water (20 ml/min) andgy(24 ml/min) for the A16S cruise are chosen with consideration of
competing concerns. This optimization fdit for different cruises. Faster water and gas flows yield faster
equilibration. A slower water fil®@ would allov collection of smaller sample volume; plus a slower gas flmuld
minimize the pressure increase in the contaddaditionally, the flov rates are chosen so that theotfluids
generate equal pressures at the micro-pores in the tubesidbleakage into or out of the tubes. A significant
adwantage of this instrumental design is the complete immersion of the miniature contactors in the constant
temperature bath. Also in theater bath are coils of stainless steel tubing before the contactors that ensure the water
and gas enter the contactors at the known equilibration temperature.

The instrumental system employs a large insulated cooler (Igloo Inc.) that accommodatesample bottles, the
miniature contactors, aater stirrey a cpper coil connected to a refrigerated circulating water bath, an immersion
heater a 12-position sample distribution valve, awthermistors, and to miniature pumps. The immersion heater
works in opposition to the cooler water passing through the copper coil. One thermistor is immersed in the water
bath, while the second thermistor is in a sample @lell after the second contactdihe difference between the two
thermistor readings as consistently less than 0.05°C. In a separate enclosure are the 8-port gas distribution valve,
the infrared analyzer barometerand other electronic components. The gas distributioneviahtwnnected to the
air-circulation pump and to six standard gas cylinders.

The instrumental system was designed and built by Tim Newberger and was supported by Cy Swkdne
Takahashi. Their skill, assistance, and generosity were essential to the successful use of this instrumental system
during this cruise.

Standardization

To ensure analytical accurgca ®t of six gas standards (ranging from 288 to 1534 ppag mn through the
analyzer before and aftevesy sample batch. The standards were obtained from Scott-Marin and referenced against
primary standards purchased from C.D. Keeling in 1991, which are on the WMO-78 scale.
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Standard Gas Cylinders

Cylinder || ppm CQ

JB03282 288.46
JB03268 384.14
JB03309 567.40
CA05980 792.51
CA05984 1036.95
CA05940 1533.7

Data Processing

A custom program desloped using LabVie ™ controls the system and graphically displays the €@centration

as well as the temperature and pressure during the equilibration step of the process, Tihéh€@as phase
changes greatly during the first minute of avreample and then goes throughvesal more oscillations. The
oscillations dampen quickly as the concentration asymptotically approaches equilibrium. The flows are stopped
after 17 minutes, and the program records amage of ten readings from the infrared analyzer along with other
sensor readings. The data files from the discrete,g@@ram are reformatted so that a Matlab program designed

for processing data from the continuous pG§stems can be used to calculate the fugacity of the discrete samples
at 20°C. The details of the data reduction are described in [Pier09].

Problems

There were seral issues with the system that had remained on the ship after A16N and did not get its usual pre-
cruise check and refurbishment.

During the first run at the test station water got into the Nafion drier and IR possibly due to a blocked distribution
valve. The Nafion drier was replaced. The IR did not respandpe to the highest standard. The IR (Li-840) flow

cell was remued following downloaded instructions and it was digmed that the bottom half of the gold mirrored

cell was lightly coated with salt. It was cleaned with acetone andairvand dried. The zero and span software
was downloaded but because of interface issues only thedb@nnel was spanned and not theCHchannel which

was wunresponsie and showed a reading of about 8 mmol/mol throughout the cruise, irrespéctsample or
standard was run.

On several occasions the head of the 8-position gas distributiorevawe loose and the gasvilavas interrupted.
Initially it was thought that the vabwwas clogged and cleaning was attempted. The distributioe vals cleaned
once and then replacedo Get enough torque on thexhecrew on the collar of the head securing it to the valve
body, a snall hole was drilled in the enclosure to be able to use a long allen wrench.

The water pump had issues starting to pump water from sample bottles and prasingquired to start the ¥lo
The pump was replaced mid-cruise and this solved the prolfamples did not reach full equilibrium in the first
stations, rgardless of increasing the equilibration time. As the cruise progressed, the equilibratiovedichie
decreased from 99% to 96%. The membrane modules were cleaned with acid @ ipepiarmance and when that
didn’t work, they were replaced. After replacement of the modules, equilibration (> 99.7 %) wasgeddiéore the
end of the equilibration time.

In the last stations, a decrease of up to 6 ppm in the measurerasrgsmetimes observed in the last minutes of the
equilibration period. For some samples the sinusoidal response observed for the first 6 minutes reappeared suddenly
around 10 minutes.

During the cruise, the laptop controlling the analytical system suffered occasional crashes (blue screen of death).
The error message indicated the problem was with a memeripad or interaction with thegyspan in the system.
Rebooting the computevery 24 samples seemed to decrease the freguadribe crashes.

The response to all standards decreased appreciably (by about 80 ppm for the 1533 ppm standard) in the last week of
the cruise but relate response remained unaffected.
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Tests
Several tests were performed during the cruise in parhtdifate post-cruise data reduction.

A test was run towaluate the difference in COnmeasurements when the six standard gases were wetted by bubbling
through a small volume of acidified DI water versus running themNarggnificant differences were observed.

To check for possible gas loss during equilibration through the Nafion drier and/or the vent, a duplicate sample was
run with the rgular N, gas through the nafion driefThe air circulation loop ent line was placed in the,Nlow,

such that N would enter the vent. Then for the next duplicate thewds replaced by the 1533 ppm std. No
difference was seen indicating the integrity of the air circulation loop.

During the cruise we tested the preservation of tateiwsamples with and without presemvatimercuric chloride)
and with and without grease on the stopffamples were stored up to 48 hours and analyzed Mgeggnificant
difference was observed between the greased/poisoned and ungreased/non-poisoned samples.

Post cruise data reduction

The data supplied are preliminary and represent the,(20Dwalues as calculated by the data acquisition program,
developed by Tim Newbeyer using the preceding standards and water bath temperature readings by the thermistors
that appear very precisetibiased high by 0.3°C compared to a Fluke/Hart thermonT¥terwater channel was not
functioning.

For final data reduction the thermistors need to be calibrated in the lab, the response of the detector needs to be
compared with current setting and after spanning and zeroing botha@DH,O channels. Theesponse of
equilibration needs to be determined from theARfes that log data for each run at 1-second intervals and data has

to be adjusted. These RAfiles will also be used to pick the plateau in concentrations for the samples where
concentrations changed in the last 5 minutes as the correct value.

Undwerway pCGO, Analysis

During the A16S cruise, there was an automated underway g¢3@m from ML situated in the hydrolab, as it
has been since 1997. The current design of the instrumental system is basesm®B]\W\and Feely et al. [Feel98],
while the details of the instrument and of the data processing are described in Pierrot, et.al. [Pier09].

The repeating cycle of the system includes 4 gas standards, 5 ambient air samples, and 66 headspace samples from
its equilibrator within 3.3 hours. The concentrations of the standards range from 285 to 546 pipnt@pressed
natural air They were purchased from NOAA/ESRL in Boulder and are directly traceable to the WMO scale.

The system includes an equilibrator where approximately 0.6 liters of constantly refreshed swiaies fean the
bow intale is gyuilibrated with 0.8 liters of gaseous headspace. Tdtenilav rate through the equilibrator was 1.5
- 2.0 liters/min, which yielded a vigorous spray pattern during this cruise.

The equilibrator headspace is circulated through a non-dispendiared analyzer (IR) (LI-CORM model 6262)

and then returned to the equilibratédvhen ambient air or standard gas is analyzed, the gas leaving the analyzer is
vented to the lab A KNF pump constantly draws 6-8 liter/min of marine air through 100 m of 0.95 cm (= 3/8") OD
Dekoron™ tubing from an inta& on he bav mast. The inta& has a rain guard and a filter of glass wool tosgmée

water and larger particles from reaching the pump. The headspace and marine air gases are dried before flushing the
IR analyzer.

A custom program deloped using LabView™ controls the system and graphically displays the air and water
results. The program records the output of the infrared anatheeGPS position, water and gas flows, water and air
temperatures, internal and external pressures, and a variety of other sensors. The program records all of these data
for each analysis.

Problems

The system ran very well during the cruise and only problems were encountere@uring the start of the cruise
the circulation gas was high and variable at about 120 ml/min. This did not sedectalef CQ values. Flav was
decreased to 80 ml/min and flows were stea@erhn. 22nd, the uncontaminated \weger line pump was turned
off for about 12 hours after the strainer became clogged twice with salps.
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7. Dissolwved Inorganic Carbon (DIC)
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Figure 7.1 A16S stations 1-113

Sampling

Samples for TC@measurements were ava according to procedures outlined in thandbook of Methods for CO,
Analysis [DOE94] from Bullister bottles into cleaned 294-ml glass bottles. Bottles were rinsed and filled from the
bottom, leaing 6 ml of headspace; care was taken not to entrainbabbles. After 0.2 ml of saturated HgCl
solution was added as a presematithe sample bottles were sealed with glass stoppers lightgrezb with
Apiezon-L grease and were stored at room temperature for a maximum of 12 hours prior to analysis.

TCO, samples were collected from a variety of depths with one to three replicate samples. Typically the replicate
seavater samples were taken from the surface, around 1000 m, and bottom Bullister bottles and run at different
times during the cell. No systematic difference between the replicates was observed.

Analysis

The TCQ analytical equipment was set up in a seagoing laborasory Vheanalysis was done by coulometry with

two analytical systems (AOML3 and AOML4) used simultaneously on the cruise. Each system consisted of a
coulometer (UIC, Inc.) coupled with a Dissetl Inoganic Carbon Extractor (DICE) inlet system. DICE was
developed by Esa Peltola and Denis Pierrot of NOAA/AOML and Dana Gre#lBlOAA/PMEL to modernize a

carbon atractor called SOMMA [John85] [John87] [John92] [John93] [John99]. In the coulometric analysis of
TCO,, dl carbonate species are eerted to CQ (gas) by addition of excess hydrogen ion (acid) to thevatea

sample, and thevelved CQ gas is svept into the titration cell of the coulometer with pure air or compressed
nitrogen, where it reacts quantitady with a proprietary reagent based on ethanolamine to generate hydrogen ions.
In this process, the solution changes from blue to colorless, triggering a current through the cell and causing
coulometrical generation of OHons at the anode. The OHbns react with the H and the solution turns blue

again. A beam of light is shone through the solution, and a photometric detector at the opposite side of the cell
senses the change in transmission. Once the percent transmission reaches its original value, the coulometric titration
is stopped, and the amount of Cat enters the cell is determined by integrating the total charge during the
titration.

The coulometers were calibrated by injecting aliquots of purg (@@299%) by means of an 8-port valautfitted
with two sample loops with known gas volumes bracketing the amount gfe€acted from the ater samples for
the two AOML systems.

The stability of each coulometer cell solutiorasvconfirmed three different ways: dveets of gas loops were
measured at the gimning; also the Certified Reference Material (CRM), Batch 129, supplied.@y. Dickson of
SIO, was measured at thegboming; and the duplicate samples at the beginning, middle, and end of each cell
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solution. The coulometer cell solutioragreplaced after 25-30 mg of carboaswitrated, typically after 9-12 hours
of continuous use.

The pipette volume was determined by taking aliquots atvkrtemperature of distilled water from the volumes.
The weights with the appropriate densities were used to determineltireevof the pipettes. Calculation of the
amount of CQ injected was according to the g@andbook (DOE 1994). The concentration of,G[C0,]) in the
samples was determined according to:

. (Counts—Blankx RunTime)x K
CO,] = Cal. Factortime— .
[CO,] PipetteVolumex SampleDensity

where Cal. Factor is the calibration fact@Gounts is the instrument reading at the end of the analysis, Blank is the
counts/minute determined from blank runs performed at least once for each cell solutioimRusthie length of
coulometric titration (in minutes), and K is the eersion factor from counts tomol.

All TCO, values were recalculated to a molar weigtr(ol/kg) using density obtained from the CERalinity. The
TCO, vaues were corrected for dilution by 0.2 ml of saturated HgSéd for sample preservation. The total water
volume of the sample bottlesas 288 ml (calibrated by Esa Peltola, AOML). The correction factor used for dilution
was 10007. A correction was also applied for the offset from the CRM. This correctierapplied for each cell
using the CRM value obtained in the beginning of the cell. Vaeage correction was -3.22nol/kg for AOML 3

and 1.57 for AOML 4. Thewerage difference of the duplicates was 1.6&8l/kg for AOML 3 and 1.57 for AOML

4. Theresults underwent initial quality control on the ship using Jp@ssure profiles and TGDIO; and
TCO,-pH plots.

Analytical Problems

In general, both systems worked well. One solenoideviiled and was replacedwo cell caps went bad and a

new one was constructed. On station 34, the calibration factor was unusually high after running 3 gas loops. The
CRM value was very good with the high calibration fachot later comparisons with NGand pH showed that all
analyses for this station are likely ba@his anomalous calibration factor did not recur during the cruise. The total
dissohed inoganic carbon data reported to the database directly from the ship are to be considered preliminary until
a nore thorough quality assurance can be completed shore side.
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Figure 81 pH (sea vater at 25 C) on A16S stations 1-113

Sampling

Samples were collected in 50ml borosilicate glass syringes rinsing 2 times and thermostated to 25°C before analysis.
Two duplicates were collected from each station. Samples were collected on the same Bullister bottles as total
alkalinity and dissolved ingenic carbon in order to completely characterize the carbon system. One sample per
station was collected and analyzed with double the amount of indicator in order to correct for pH changes as a result
of adding the indicatorthis correction has not been applied to the preliminary data. All data should be considered
preliminary.

Analysis

pH (umol/kg seaater) on the semater scale was measured using a Agilent 8453 spectrophotometer according to the
methods outlined by [Clay93] An RTE10 water bath maintained spectrophotometric cell temperature at 25.0°C. A
10cm flaw through cell was filled automatically using a Kloehn 6v syringe pump. The sulfonephthalein indicator m-
cresol purple (mCP) as also injected automatically by the kloehn 6v syringe pump into the spectrophotometric
cells, and the absorbance of light was measured at three diffexedémgths (434 nm, 578 nm, 730 nm). The ratios

of absorbances at the differenavdengths were input and used to calculate pH on the total amdtseacales,
incorporating temperature and salinity into the equations. The equations of [Dick87] , Dickson gri@ieié9] ,

and Dickson [Dick90] were used to a@t pH from total to seawar scales. Salinity data were obtained from the
conductvity sensor on the CTD. These data were later corroborated by shipboard measurements. Temperature of the
samples was measured immediately after spectrophotometric measurements using a Guildline 9540 digital platinum
resistance thermometer.

Reagents

The mCP indicator dye was a concentrated solution of approx. 2.0 mM. Unpurifed indicator was used purchased
from Alpha-Aeser.

Standardization

The precision of the data can be accessed from measurements of duplicate samples, certified reference material
(CRM) Batch 129 (DrAndrev Dickson, UCSD) and TRIS buffers. The measurement of CRM and TRIS was
alternated at each station. The mean and standard deviation for the C&M%.9125+0.0033 (n=58) and
8.0879+0.0035 (n=40) for TRIS buffefTRIS bottles 6 and 7 were high by approximately 0.01 weath dl
measurements on both A16N and A16S angttitaus been excluded.
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Data Processing

Addition of the indicator décts the pH of the sample, and the degree to which pHested is a function of the pH
difference between the seaer and indicatorTherefore, a correction is applied for each batch of dye. One sample
from each station ms measured twice, once normally and a second time with double the amount of intiieator
change in the ratio is then plotteersus the change in the isobestic point tceld@ an empirical relationship for the

effect of the indicator on the pH. A preliminary correction based on the measurements of A16N has been applied to
this data. . The mean and standard deviation of the duplicae®Ww004+ 0.0017 (N = 198). The preliminary

quality control is shown in the Appnedix Table.

Problems

The only major problem that occurred was on station 108 when dter Wwath failed and was unable to cool. The
variability in the temperature of the water bath showed increased variabilitywhdafes before it failed, but was
still within the acceptable range. The water bath was quickly replaced and no samples were lost.

9. Total Alkalinity
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Figure 91 A16S stations 1-113

Sampling

At each station total alkalinity (TA) samples werevdnadrom Bullister bottles into 500 ml borosilicate flasks using
silicone tubing that fit wer the stopcock. Bottles were rinsed a minimum of three times, then filled from the bottom
and allowed to werflow half of the bottle lume. Thesampler was careful not to entrainyambbles during the

filling procedure. Approximately 15 ml of water was withdrawn from the flask by halting the samplanib
removing the sampling tube, thus creating a reproducible headspace for thermal expansion during thermal
equilibration. The sample bottles were sealed at a ground glass joint with a glass Jtopsamples were then
thermostated at 25°C before analysi$iree duplicates were collected at each station. Samples were collected from
the same Bullister bottles as pH or dissolvedgaaic carbon (DIC) in order to completely characterize the carbon
system.

Analyzer Description

The sample A was then ealuated from the proton balance at the alkalinity egance point, 4.5 at 25°C and zero
ionic strength. This method utilized a multi-poirdnochloric acid titration of seeater [Dick81]. The instrument
program used a enberg-Marquardt nonlinear least-squares algorithm to calculateAthBIT, and pH from the
potentiometric titration data. The program was patterned after thusepled by[Dick81], [Joha82], and [DOE94].
The least-squares algorithm of the potentiometric titrations not @avigvglues of A but also those of DIC, initial
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pH as calculated from the initial EMthe standard potential of the electrode system (EO), and the first dissociation
constant of C@at the gven temperature and ionic strength ¢pKTwo titration systems, A and B were used for TA
analysis. Each of them consisted of a Metrohm 765 Dosimat tjtamta®@rion 720A or 720A+, pH meter and a
custom designed plexiglass water-jacketed titration cell[Mill9Bhe titration cell allowed for the titration to be
conducted in a closed system by incorporating a 5 ml ground glass syringevtéoal@lume expansion during the

acid addition. The seater samples were temperature equilibrated to a constant temperature @fL26 with a

water bath (Neslab, RE-10). The electrodes used to measure the EMF of the sample during a titration were a ROSS
glass pH electrode (Orion, model 810100) and a double junction Ag, AgCl reference electrode (Orion, model
900200). Thewvater- jacketed cell was similar to the cells used by [Brad88] except a larger voltr@éq ml) was
employed to increase the precision. Each cell had a fill and draie wddich increased the reproducibility of the
volume of sample contained in the cell. A typical titration recorded the stable solution EWitii(ateless than 0.09

mV) and added enough acid to change the voltage a pre-assigned increment (13 mV). A full titration (25 points)
took about 20 minutes. A 6 port val(/ICl, Valco EMTCA-CE) allowed 6 samples to be loaded into the instrument
and succesgdly measured.

Reagents

A single 50-I batch of 0.25 m HCI acid was prepared in 0.45 m NaCl by dilution of concentrated HCI, AR Select,
Mallinckrodt, to yield a total ionic strength similar to seter of salinity 35.0 (I = 0.7 M). The acid was
standardized by a coulometric technique [Mari68][Tayl59] , and verified with alkalinity titrations omatseaf
known alkalinity The calibrated molarity of the acid use@sw0.243610.0001 N HCI. The acid was stored in
500-ml glass bottles sealed with Apiezon L grease for use at sea.

Standardization

The reproducibility and precision of measurements were eueoking lav nutrient surface seeter, used as a
substandard, and Certified Reference Material (CRM) fromADdren Dickson, Marine Pysical LaboratorylLa
Jolla, California. The CRM s utilized to account for instrument drifvep the duration of the cruise and to
maintain measurement precision. One CREbwneasured on each instrumerarg other station as well as the low
nutrient surhce. Duplicatenalysis provided additional quality assurance. Three duplicates werg takvhich 2
samples were taken from the same Bullister bottle, at each statienduplicates were then analyzed on system A,
system B, or split between systems A and B. Thivigesl a measure of the precision on the same system and
between systems. Laboratory calibrations of the Dosimat burette system with water indicated the systeats del
3.000 ml of acid (the approximate value for a titration of 200 ml ofatea) to a precision af0.0004 ml, resulting

in an error oft0.3 umol/kg in TA.

Data Processing

Measurements on CRM batches 129 were made. TFeratite between the measured and certified values on
system A is 1.8% 2.85 (N=55) and on B is 2.733.45 (N=55). Pat way through the cruise a noticeable decrease

in precision of the CRMs occurred. It was determined to be caused by using old CRMs from DIC, the use of which
was immediately stopped. These old CRMsédaot yet beenecluded from the data analysis; this is the reason for

the high standard deviation of the CRMs and will be imgdavhen thg are excluded during final data analysis. Six
different batches of i@ nutrient surface water were used. All had standard deviations between 0.5 mdl&$.

A total of 306 sets of duplicates were analyzed. The preliminary mean and standatidrdefor both run on
system A is 0.04 1.84 (N = 103), for both run on system B is -0+13.75 (N = 93), and for one on each system
(A-B) is 2.04+ 278 (N = 98).

Problems

The only major problem occurred on station 105 when the computer for system B irreparably crashed. It was quickly
replaced and only resulted in the loss of one sample.
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10. Dissolved Organic Carbon (DOC)

DOC and Total Dissokd Nitrogen (TDN) samples were taken fromerg Bullister bottle at eery other station (odd
stations). 1368 samples were @akfrom 57 stations in total. Samples from depths of 250m and shallower were
filtered through GF/F filters using in-line filtration. Samples from deeper depths were not filtered. High-density
polyettylene 60 ml sample bottles were pre-cleaned with 10% HCI and rinsed with Mili-Q. weiters were
comlusted a 450°Cwernight. Filterholders and silicone tube were cleaned with 10% HCI and rinsed with Mili-Q
water before samplingBottles were rinsed three times with thevgatar before collecting 50-60 ml of sample at
each Bullister bottle. Samples were kept frozen in coolers inside the §kgrer Frozen samples will ship back

to Miami in four coolers for laboratory analysis. @s were used during all process of collection and storage.

11. Carbon Isotopes in seawater {*23C)

A total of 576 samples were collected from 25 stations. In addion, surface samples were also collected from 14
stations. Seen gations were partially sampled (16 samples) while the rest were full cast (24 samples). Duplicates
were collected at almost all stationSamples were collected in 500 ml airtight glass bottles. Using silicone tubing,
the flasks were rinsed 2 times with theveatar from the correspondent Niskin bottle. Whikeeking the tubing at

the bottom of the flask, the flask was filled and flushed by allowing ivedlanv one and a half times its full
volume. Once the sample was taken, a small amount (about 30 cajesfwas remeed to aeate a headspace and

200 | of 50% saturated mercuric chloride solution was added in the sampling bay.

In order to &oid contamination, ghees were used during all collection, handling, and storage processes. Sample
handling was done on a clean tablgered with nev aluminum foil for each batch.

After all samples were collected from a station the glass stoppers were dried and greased with Apiezon-M grease to
ensure an air tight seal. The stoppers were secured with a rubber band which wreppsédrdhe entire bottle.

The samples were stored in AMS crates ordsoixside the ship’main laboratory during the cruise. The samples

will be shipped to WHOI for analysis.

The radiocarbon/DIC content of sesier (DIC) is measured by extracting the igamic carbon as CQgas,
converting the gas to graphite, then counting the numbet*6faoms in the sample directly using an accelerator
mass spectrometer (AMS).

Radiocarbon values will be reported &C using established procedures modified for AMS applications. The
13¢/12C of the CQ extracted from sesater is measured relag o the 3C/2C aCO, gas gandard calibrated to the
PDB standard using an isotope radio mass spectrometer (IRMS) at NOSAMS.

Problems

16 boxes of pre-cleaned bottles got wet with raitewin Recife, Brazil prior to leéing. Samplesvere collected in
10 of these boxes making sure that bottles were clean and dry and not affected by the rain water at all.

12. Tritium, Helium and 0

Helium samples were tak from designated Niskins in 90 cc 316 type stainless steel gas tight vessels with valves.
The samples were themxteacted into aluminum silicate glass storage vessels within 24 hours using the at sea gas
extraction system. The helium samples are to be shipped to the Lamont-Doherty Earth Observatory of Columbia
University Nobel Gas Lab for mass spectrometric measurements. A corresponding onedéersample was
collected from the same Niskin as the helium sample in a preprocessed glass bottieskingldack at the shore

based laboratory and subsequent tritum determinatiofHgyin-growth method. 220 samples were collected and
shipped to LDEO for analysis.

During A16S, 18 stations were sampled, collecting 346 samples for tritium, 414 samples for helium and 254
samples for®0 analysis. Noduplicate samples were taken.
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13. Density

Sampling

Over the course of A16S, 5 stations were sampled (stations 19, 43, 67, 85 and 111), for a total of 111 density
samples. Each Niskinag sampled using a 150 ml HDPE bottle. The bottles were rinsed 3 times, allowed to fill
until overflowing, capped, and sealed wittarBfilm. Thisprocedure leges as ittle head space as possible to
minimize e/aporation until analysis.

Analyzer Description

The sealed samples will be shipped to the Millero Lab at RSMAS in Miami where the salinity will be re-measured
on a salinometer (Guildline Portosal), and the density will be measured using an Anton-Paar DMA 5000
densitometer.

14. LADCP

System Configuration

A single downward-facing WH150-kHz LADCP (serial number 16283) was secured with brackets to a metal plate
mounted on 24-bottle CTD rosette frame. The ADCP was positionebith iaterference with the rosette frame.

The instrument was connected to a NOAA 48-\olt rechargeable lead-acid battery pack mounted in the center of the
rosette via a NOAA custom star cable assembly typically used for configurations consisting of betth apey
downward looking ADCPs.Since only one ADCP was used in this configuration, the unused cable connectors were
covered with dummy caps. On deck, the rosette wasethanto and out of a sheltered sampling hanger atop a
platform mounted on tatracks.

The power supply and data transfer was handled independently frpr@Tdh connections. While on deck, a
communications and power cable was connected to a cable in the sampling hangar that ran into the hydro lab on the
NOAA Ship Ronald H. Brarn. Thiscable connected to a NOAA battery charger located in the Hydro lab for power

and an acquisition computer via USB connection for data download. The LADCP and CTD acquisition computer
clocks both used NTP to stay in sync with the ship clock and to assure that the absolute time recorded by the CTD
and LADCP were the same.
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Figure 14.1 Cross-sectional diagram (lookingwdo) of CTD rosette showing relaé position and orientation of ADCP.

LADCP Operation

Operational LADCP scripts, written in python by Eric Firing and the group at theetdity of Hawaii, were used
for instrument control and data transmission. The command file used in communication with the LADCP is shown
below:

*CR1 #factory defaults

* PSO #Print system serial number and other info.

* WM15 #sets LADCP mode; WB -> 1, WP -> 001, TP -> 000100, TE -> 00000100
«TC2 #2 ensembles per burst

*TB 00:00:02.80

*TE 00:00:01.20

TP (00:00.00

* WN40 #40 cells, so blank + 320 m with 8-m cells

* WS0800 #8-m cells

*« WT1600 #16-m pulse

* WF1600 #Blank, 16-m

* WV330 #330 is max effectie anbiguity velocity for WB1
*« EZ0011101 #Soundspeed from EC (default, 1500)
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« EX00100 #No transformation (middle 1 means tilts would be used otherwise)
* CF11101 #automatic binaryno rial

«L730,230 #or LADCP mode BT slightly increased 220->230 from Daioifes
*CLO # dont deep between pings (CLO required for software break)

This command file was sent to the instrument prior to each €sthmunication between the computer and the
instrument was then terminated, the battery charger was turned off, the power cable was disconnected, and all
connections were sealed with dummy plugs and secured.

After the CTD was brought back on deck after a cast, the data and the power supply cable was rinsed with fresh
water and reconnected to the computer and battery chafdper data acquisition was terminated, the battery was
chaged, and the data were downloaded using the LADCP axdtwT hebattery charger remained on from the time

of data download until the time the instrument was prepared for the next cast.

Log files were kpt for each cast to ensure that all the steps were completed and a data acquisition log was
maintained during the cruise to summarize the data collected and docurgesgeaial situations in the data
collection or processing.

Data Processing

Within 10 hours after each cast, the data were preliminarily processed using Lamont-Doherty Earth Observatory
(LDEO) LADCP software for data processing in Matlab [Thur08]. Ancillary data were downloaded including the
CTD profile and timeseries, and the shipboard ADCP data. These data were used in conjunction with the LADCP
data to produce both shear andense solutions for the absolutelocities. The preliminary processing produced
velocity profiles, rosette frame angular wements, and Matlab files. Section plots of U and V were produced and
were made\ailable on the cruise website on the local network.

The data acquisition log summarizes errors in the data processing. A commonasrtdnaxeased error because of
shear-iverse difference.” This was common in the early casts during the cruiseasnut@sumably due to a lack of
scatterers in the water column at theseelo latitudes. Occasionally there were errors indicating a U and/or V
bottom track bias. In all but one instance, this was resoly setting p.btrack_mode=0 in the matlab script
set_cast_params.

Problems

Prior to starting casts, LADCP battery problems were indicatediby (finging that terminated prematurely during
deck tests. The battery was swapped out for another NOAA hadtetythe star cable was also replaced with a
brand ne cable. All problems were resolved with deck testing prior to the test cast, which preceded the first
station.

Data collection was largely routine and problem free until cast 93. When this cast came up, the data processing
indicated that one of the beams haileid. Therevas a ®vee drop in voltage and corresponding increase in current
evident near the bottom of the cast. In the sampling hattgatop of the ADCP &as remeed and the inside of the
instrument was inspected.here was no indication of leaking or corrosion and all connections were secure. The o-
rings were replaced and the instrument re-sealdte instrument remained on the rosette for the duration of the
cruise and continued to collect data from the 3 remaining beams.

Summary and Preliminary Results

Data were successfully collected on all 113 stations sampled during the cruise. Issues with the CTD led to repeat
casts on tw gations (87 and 113) and LADCP data were collected on both the problematic and repeat casts in each
case.

Latitude-depth sections of measured zonal (U) and meridional (V) velocities are shown in Figure 14.2 and 14.3.
Stations 1-60 followed the 254t line of longitude (Figure 14.2), and Stations 60-113 were between 25 and 36.5
South (Figure 14.3).

Currents were much stronger in the southern part of the transect. Note the difference in scale between Figures 14.2
and 14.3.Much of the northern portion of the transect (Figure 14.2) is in the subtropical gyre and was characterized
by weaker currents and fewer scatterers in the water column.
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Strong currentsxending from the surface to the full ocean depth are observable at aroungré@sdgouth. This

may correspond with the southern boundary of the South Atlantic Current.

The Antarctic Circumpolar Current is obsable heading East at the end of the transectwb8muth Georgia

Island.
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The Ronald H. Brown has a permanently mounted 75 kHz acoustic Doppler current profiler (Teledyne RDI) for
measuring ocean velocity in the upper water coluffine ADCP is a Phased Array instrument, capable of pinging

in broadband mode (for higher resolution), natsand mode (lower resolution, deeper penetration), or intedea

mode (alternating). On this cruise, data were collected with 8m broadband pings and 16m narrowband pings. The
depth range achied depends on weather (bubbles), installation (eg. ship noise), scatteetsy &d other factors.

Data were recorded during the entire cruise.

Processing

Specialized software deloped at the Umwiersity of Hawaii has been installed on the Brown for the purpose of
ADCP acquisition, preliminary processing, and figure generation during each cruise. The acquisition system (
"UHDAS", University of Hawaii Data Acquisition System ) acquires data from the ADCPs, gyro heading (for
reliability), Mahrs and POSMV headings (for increased accuracy), and GPS positionsafious sensors. Single-

ping ADCP data are automatically edited and combined with ancillary feestagad, and disseminated via the
ship’s web, as regularly-updated figures on a web page and as Matlab and netCDF files.
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Summary

Shipboard ADCP data were collected for the duration of A168e ADCP system and data were monitored
remotely There were no changes or errors noted, beyond a continuing 15 percent fadlief e POSMV.

Although the Mahrs and the POSMV are supposed to be accurate, neither is perfect and post-processing of the
ADCP data will be necessary to obtain best acgufac data while the ship is steaming. When the ship speed is
near zero, heading errors do not cause significant errors in ocean veldwtefore the automated at-sea product
should be good enough for preliminary use while the ship is on station.All in all, the instrument, ancillary devices,
and acquisition system performed reasonably well.

15. Chipod

System Configuration and Sampling

Three Chipods were mounted on the CTD rosette frame to measure temperature (T), its vetieed@i), and
acceleration at 50, 100, and 50 Hz, respelgti One Chipod-CTD has twT/T; sensors, looking upward, and three-
dimensional acceleratoffwo RBR-Chipods, one looking upward and the other looking downward, are a
combination of RBR Duo, which measurs T and pressure at 1 Hz, and Chipod with @reeriSdr and one
horizontal acceleratofFigure 15.1 shas details of the configuration of the Chipods and sensors. Three upward
looking T/T; sensors were positioned afgothe Niskin bottles by 8.25 inches and addhe bottom of the CTD
rosette frame by 82.25 inches using a unistrut in ordevdil dalse turbulence, which might be generated by the
movement of the rosette frame during the upcast. The upward looking Chipod-RBR was assembled lower than the
neighboring upward looking T{Tsensors towid possible disturbances by its position due to the rotation of the
CTD frame, and collected data from cast 12 ardv The downward looking T/T sensor was placed on the LADCP
battery pack abe the bottom of the CTD frame by 2 inchesvéod the center of the CTD rosette teoal picking

up false signals due to turbulence from the LADCP modules and/or CTD system during the downcast.

Figure 15.1 Chipod configuration on the rosette. The regar; and yeller circles shav the positions of T/T
sensors, Chipod-CTD, and uawl looking RBR-Chipod, respeetly. The downward looking RBR-Chipod is not
seen in this photo.

Data Processing

To derive pofiles of turbulent kinetic energy dissipatiog énd thermal variance dissipatioiX), Chipod T/T
records first need to be aligned to pressure. Since Chipod doesveoh Ipgessure senspdouble-integration of
vertical acceleration, thus displacement of the unit, has to be fit to pressure from CTD to ajigm dr8ssure.
Then,s andX as a function of pressure can be estimated by fitting the vertical temperature gragdigmgtfum,

which can be computed from @&nd Chipod descent rate, to the theoretical temperature gradient spectrum, which
requires buoyancfrequeng and T,, by using an iteratie procedure suggested by [MoumQ9].
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Problems

In the first thee casts, 0.3 sec indmoise vas found in the signal from the secondary Chipod-CTRéehsor,
which disappeared after the sensor cable was replaced. From station 90 onwasdn3@ém malfunction occurred
when the package was submerged in cold water (< -0.15°C), and treégh@ls drifted with significant noise.

Summary

Figure 15.2 shows a comparison of upward looking Chipod-CTD (red) and downward looking RBR-Chipod data. In
the top panel, all T signals represent the temperature variation during the entire cast. The RBR-Chignad T
(black line in the bottom panel) shows a distinct transition between Wecdest and the upcast, which occurred at
~11:27 AM. Compared to the docast T signal, the upcast signal shows more noise, which seems linked to a
significant disturbance by the ascending CTD structure, i.e., 24 Bullister bottles, CTD and LADCP instruments, and
the frame. The upward looking Signals (blue and red lines) do notwhsuch distinct changes at the transition that

may be related to the rotation of the CTD frame during the cast. The LADCP heading reeesdreh@TD rosette
rotating much faster during the upcast compared to the downcast at most stations. Such spinning of the CTD frame
implies the reolution of T, sensors around the winch cable. Thus, false turbulence might be generated by the sensor
protector and/or anstructure nearby while the CTD frame is rotating due to the position of the sensors (see Figure
15.1), and measured by the sensors, yielding noise in the signalvédothe downward looking sensowhich is

placed in the center of the CTD frame, may not dect#d significantly by the spinning of the CTD frame.
Moreover, the rotation rate of the CTD frame during the downcast is less than that during the upcast.

Cast 5 :: 27-Dec-2013 09:38:03 - 27-Dec-2013 13:33:25
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16. Trace Metal Program
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Figure 16.1 A16S Sample distrifttion for stations 1-60
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Figure 16.2 A16S Sample distriftion for stations 61-113

Water Column Sampling

627 water-column trace metal samples were collected at 53 stations and a test station using a dedicated trace-
element rosette with 12eflon-coated, 12 L General Oceanics GO-FLO bottles[Meas08] modified with the addition

of curved Teflon tubing from the sample \aleaching the bottom of the bottle (for quantitataispended matter
sampling). Bottles were conditioned for 24 hours with sub-surface (approx. 1000wajesezollected during the

test cast. Sub-sampling was conducted in a clean van. Bottles were first sub-sampled for unfilteredssaaples

(nutrients and salinity) then pressurized with filtered, compressed-ibéred trace metal sub-samples were
collected by filtration through acid-washed @ polycarbonate track-etched 47 mm filters in polypropylene filter
holders.

Filtered subsamples collected in acidshed 125 ml LDPE bottles were acidified to 0.024M HCI and analyzed
shipboard for dissolved Al and Fe usingafljection analyses[Resi94][Meas95]. Replicate samples were collected
at all depths for post-cruise analysis at FSU. Total suspended matter samplegran4Z4mm PCTE filters were
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rinsed immediately after collection with 15-20 ml Dater (adjusted to pH 8 with dilute ammonia) and stored for
post-cruise analysis at FSU.

Several planned stations (73,75,77, 91 & 93) were not sampled as a result of high windgarmsividis that made
launching from the stern A frame impruderenerally most samples were collected as planned, but on a few
occasions bottles were found not torédipped correctly as a result of a lanyard catching on various parts of the
system. Initialproblems with the signals from the SBE T probe were diagnosed as a problem of the probe itself,
which was replaced with a spare at Stn 007. This probe had not been calibrated since its original use in 2004 and
gave relatively high readings using the old calibraticacfors. Itwill be recalibrated after the cruise. The SBE O

sensor started gng problems at station 021 and attempts to fix this by changing cables etc did eotheolv
problem. Asthere was no spare it was left on the rosette but the data are not correct.

Preliminary values for dissolved Al concentrations arenshin Figure 16.3 High surface values reflecting the
influence of the Saharan plume and gyre transport systems are evident in the surface waters to approximately 18°S.
Continuing south, values decrease throughout the upper 1,0808mall maximum between 200 and 400m
between 32 and 41°S appears to be related to mode water fornmBgitire south of this latitude surface waters are
extremely lawv reflecting the lack of aerosol inputs to the aoef waters of this géon. Both surice and sub-surface

Al values increase again to the south of South Georgia Island in the tectonica#yEasti Scotia Basin.
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Figure 16.3A16S Stations 1-113. Preliminary shipboard FIA dissdhl in the top 1000 m.

Aerosol Samples

Aerosol samples (representing 25 separate deployment intervals) were collected using a Tisch-5170VBL High
Volume sampler onto 12 Whatman-41 (W41) edxcellulose ester filtersver 24-48 hour sampling periods. The
sampler was automatically acied only when the wind as within 60° of either side of the Wdaway from ship
exhaust). Throughoute cruise, 1 or 3 replicates were processed for instantaneously soluble elements[Buck06] and
frozen for subsequent analysis at FSThe remaining subsamples were stored frozen to be digested and analyzed
for major and trace elements including Al, Ti, Mn, Fe, Co, Ni, Cu, Zn, Cd, and Pb and others (FSU).While no
samples were analyzed at sea, the filters were visually inspected for some indication of the composition of the
aerosols collectedFilters from Stations 1-18 were colored grandicating a primarily anthropogenic composition,
possibly biomass burning. The filters for the remainder of the cruise were only lightly loaded.

Rain Samples

Rainwater was collected using a trace element-clean funnel and bottle system in a tall bucket in an NCON
automated wet deposition collegtamere falling rain triggers a sensor to open the lid automaticAlijninimum of

40 ml of rainwater is necessary to adequately sample avaihfer unfiltered and filtered trace elements, as well as
major anions. Nine rain samples were collected of varying volumes (5-390 ml). There were nen@merth of

21.5°S. In addition, tev snow samples were collected (57 and 60°S), with sufficient volume tevddtih filtered

and unfiltered sub-samples and an aliquot for major anion determination toelpe Tafce elements and major
anions will be determined in the home laboratory.
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Ar go FloatDeployments

Fourteen Argo profiling CTD floats were deped during this cruise at the request of WHOI and PMEL groups.
These floats are part of the Argo arrayjobal network of @er 3000 profiling floats. The floats are designed to sink
to a depth of 1000m. Thehen drift freely at depth for ten days, before sinking to 2000m and then immediately
rising to the surface, collecting CTD data asythise. Conductiity (salinity), temperature, and pressure are
measured and recorded at variougle (about 73 Ieels for Navis and eery 2 decibars for the SOLOs) during each
float ascent. At the surface, before the nexeé diegns, the acquired data is transmitted to shore via satellite, along
with a location estimate taken while the float sits at theasarfThe typical life time of the floats in the water is
about four years. All Ago float data is made publicly valable on the web in real-time at
http://www.usgodae.org/argo/argo.html.

All SOLO floats were checked on the ship and started at least 8 hours before deployment, by passing aemagnet o
the ‘reset’ area on the float. The Navis floats were preprogrammed and did not require this befgneetepltach

float’'s gartup time was logged. When in position, each Navis float was launched by carefellintpit into the

water using a hand- held line strung through the deployment c&fath SOLO float was deployed in the protesti

box the float shipped with. Deployments were done after the completion of the CTD station nearest to the requested
deployment location, immediately after the ship had turned, and begun its course tgtthtien and had reached

a peed of approximately one knot. All fourteen floats were degcsuccessfully An email report was sent to

WHOI or PEML, depending on who provided the float, to report the float ID nurbat start time, exact float
deployment time, location, wind speed, wind direction, sea state and deplogeré(s). The following table shows

the location of each Argo Float deployment made on GO-SHIP CLIVAR/CO

Number Latitude | Longitude | Tme(GMT) | Serial Number
1 lat; -06.00 | lon: -25.00 07:19 WHOI_S2A-7190
2 lat; -08.00 | lon: -25.00 14:38 WHOI_S2A-7191
3 lat: -10.00 | lon: -25.00 19:55 WHOI_S2A-7192
4 lat; -12.00 | lon: -25.00 00:13 WHOI_S2A-7198
5 lat; -14.00 | lon: -25.00 08:09 WHOI_S2A-7182
6 lat: -17.00 | lon: -25.00 04:15 WHOI_SOLO-1-1157
7 lat: -20.00 | lon: -25.00 01:35 WHOI_SOLO-1-IR-1107
8 lat: -24.00 | lon: -25.00 13:20 WHOI_SOLO-1-1159
9 lat; -38.00 | lon: -26.55 19:00 PMEL_MVI1S-280
10 lat:-40.00 | lon:-27.80 01:33 WHOI_SOLO-1-1163
11 lat:-42.00 | lon:-29.03 07:14 PMEL_WVIS-281
12 lat:-44.00 | lon:-30.27 01:53 PMEL_MWVIS-163
13 lat:-46.00 | lon:-31.52 08:57 WHOI_SOLO-1-1168
14 lat:-48.00 | lon:-32.75 16:53 PMEL_WV1S-285
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APPENDIX

Cast Bottom Data
For each station/cast the follng table shows the following information for the bottom of each cast, reggecti

»  Station/Cast Number

* GMT Date and Time

» Latitude and Longitude

» Bathymetric Depth (meters)

» Distance Abge Bottom (via Altimeter reading, meters)
» CTD Pressure of deepest bottle tripped (decibars)

A-999’ for ary of these values indicates either an instrument error or data wavent gi

A16S Cast bottom data

SSS/CC Dat& Time Latitute& L ongitude BatiiDepth | DAB | CTDPres
1/2 2013-12-2®4:58:50 60.0984 S,24 59.9886 W 5809 9.4 5905.6
2/1 2013-12-242:15:32 629.8620 S,24 59.9934 W 5628 9.6 5715.5
3/2 2013-12-2@1:01:15 669.9298 S,25 0.2556 W 5578 15 5661.5
4/1 2013-12-24:02:41 729.9802 S,25 0.0006 W 5795 9 5885.9
5/2 2013-12-271:23:58 759.9364 S,24 59.9550 W 5709 -999 5805.4
6/1 2013-12-279:19:59 89.9904 S,24 59.9970 W 5739 10 5829.6
7/2 2013-12-2®3:13:05 89.9514 S,25 0.0042 W 5691 10.3 5720.5
8/1 2013-12-280:00:19 980.0366 S,24 59.8086 W 5783 9.3 5661

9/2 2013-12-287:46:44 100.0216 S,25 0.0078 W 5406 -999 5517.7
10/1 2013-12-290:22:35 | 1(®9.9880 S,24 59.9898 W 5427 10.5 5495.8
11/1 2013-12-297:09:43 | 10(59.9406 S,24 59.9934 W 5417 -999 5507.1
12/1 2013-12-294:25:33 | 1129.9892 S,24 59.9892 W 4331 10.5 4397.2
13/2 2013-12-221:59:57 | 1159.9052 S,24 59.9916 W 5808 -999 5914.3
14/2 2013-12-305:37:46 1230.0318 S,25 0.0078 W 5587 8.9 5686.7
15/1 2013-12-302:32:21 | 159.9544 S,24 59.9802 W 5778 -999 5870.6
16/1 2013-12-320:50:18 1330.0006 S,25 0.0198 W 5158 10.4 5250.1
17/2 2013-12-305:48:23 140.0090 S,25 0.0090 W 5922 -999 6019.5
18/1 2013-12-312:53:30 1430.0270 S,25 0.0492 W 5405 10 5487.7
19/2 2013-12-320:43:47 1%.0024 S,25 0.0066 W 5247 10 5322.9
20/1 2014-01-003:27:02 | 1529.9646 S,24 59.9940 W 4995 10.5 5072

21/1 2014-01-010:29:02 160.0288 S,25 0.0900 W 5657 111 5746.5
22/1 2014-01-018:18:12 1630.0204 S,25 0.0042 W 5118 10.7 5193.8
23/2 2014-01-092:11:55 1659.9988 S,25 0.0024 W 5279 9.9 5342.9
24/1 2014-01-099:08:07 1730.1356 S,25 0.0006 W 5172 10.1 5246.3
25/2 2014-01-026:59:18 18.0198 S,25 0.0042 W 5564 10.8 5649.6
26/1 2014-01-0®0:00:17 1830.0138 S,25 0.0048 W 5471 10.1 5613.8
27/1 2014-01-0®7:06:04 189.8368 S,25 0.1008 W 5816 9.8 5929

28/1 2014-01-034:58:28 1980.0300 S,25 0.0036 W 5460 10.5 5550.7
29/2 2014-01-023:13:30 | 19%9.9676 S,24 59.8722 W 6028 10.3 6133.8
30/1 2014-01-006:17:40 2(80.0072 S,25 0.0042 W 5433 10 5521.8
31/1 2014-01-043:03:41 210.1134 S,25 0.2466 W 5231 10 5301.6
32/1 2014-01-021:06:23 2130.0306 S,25 0.0084 W 5330 115 5416.1
33/2 2014-01-095:23:16 2159.9874 S,25 0.0078 W 5133 10.2 5217.1
34/1 2014-01-082:27:52 | 2229.9958 S,24 59.9934 W 5533 10.5 5616

35/2 2014-01-020:18:03 | 259.9598 S,24 59.9802 W 5114 -999 5178.8
36/1 2014-01-0©3:10:19 2330.0096 S,25 0.0126 W 5435 11.9 5503.2




SSS/CC Dat& Time Latitute& L ongitude BatiiDepth | DAB | CTDPres
37/1 2014-01-040:17:16 23%9.9946 S,25 0.0114 W 5619 10.9 5706.5
38/1 2014-01-047:55:02 2430.0018 S,25 0.0012 W 5217 10 5367.8
39/2 2014-01-0D1:42:07 25).0318 S,25 0.0216 W 5430 9 5551.3
40/1 2014-01-0D8:19:06 259.7648 S,25 0.2832 W 4981 9.8 5058.6
41/2 2014-01-015:48:08 26).0054 S,25 0.0078 W 4897 -999 4966.9
42/1 2014-01-022:13:32 2630.0666 S,25 0.0834 W 4765 9.5 4837.4
43/2 2014-01-085:50:35 2659.9868 S,25 0.0090 W 4721 10.4 4784.9
44/1 2014-01-082:05:41 2730.0426 S,25 0.2964 W 4848 9.2 4911

45/2 2014-01-089:37:29 28).0030 S,25 0.0126 W 5323 -999 5403.5
46/1 2014-01-092:14:57 2830.0300 S,25 0.1230 W 5307 10.3 5392.2
47/1 2014-01-098:47:36 289.9610 S,25 0.1062 W 5031 -999 5107.5
48/1 2014-01-096:33:32 2%0.0180 S,25 0.0006 W 5348 8.4 5431.1
49/2 2014-01-10@0:19:16 3M.0144 S,24 59.8512 W 5593 -999 5688.5
50/1 2014-01-106:56:31 | 3(0.0216 S,24 59.9772 W 4675 10.3 47411
51/1 2014-01-1a3:06:29 310.1992 S,25 0.0342 W 4537 10.2 4602.2
52/1 2014-01-120:31:04 3130.0216 S,25 0.0204 W 4494 10.3 4561.4
53/2 2014-01-103:49:37 32.0288 S,25 0.0066 W 4321 9.6 4382.9
54/1 2014-01-110:05:38 | 3230.0210 S,24 59.9718 W 4158 12.1 4218

55/2 2014-01-117:22:01 33.0060 S,25 0.0018 W 4586 -999 4643.6
56/1 2014-01-123:48:09 | 3329.8098 S,24 59.9100 W 4388 8.6 4446.9
57/2 2014-01-1D7:12:56 340.0138 S,25 0.0282 W 4079 10.2 4140.2
58/1 2014-01-123:19:39 | 3429.9802 S,24 59.9598 W 3973 9.2 4022

59/2 2014-01-120:31:05 | 3459.8614 S,24 59.9916 W 4115 -999 4171

60/1 2014-01-1®3:11:22 359.9928 S,25 0.0030 W 4113 11.8 4162.3
61/1 2014-01-130:04:30 36).0006 S,25 18.0090 W 4039 10.3 4098.6
62/1 2014-01-137:57:07 | 3629.9940 S,25 36.0090 W 4093 9.9 4140.3
63/2 2014-01-1901:59:39 | 369.9628 S,25 53.9634 W 4126 10.5 4182.9
64/1 2014-01-1409:19:19 | 3729.9634 S,26 12.0150 W 4195 9.3 4251.2
65/2 2014-01-147:15:01 38).0000 S,26 26.3244 W 4068 -999 4117.3
66/1 2014-01-191:25:04 | 389.9178 S,26 52.0212 W 4173 10.6 4233.9
67/1 2014-01-198:52:40 38%9.6754 S,27 9.6684 W 4138 -999 4197.7
68/1 2014-01-186:19:26 | 390.0066 S,27 29.0928 W 4502 9.2 4568.9
69/2 2014-01-123:46:46 | 39%9.9148 S,27 48.0090 W 4301 8.1 4360.6
70/1 2014-01-1©6:22:31 4(®9.9760 S,28 6.0354 W 4360 10 4429

71/2 2014-01-164:00:22 410.7140 S,28 24.2910 W 4328 10.5 4396.2
72/1 2014-01-1@21:00:14 | 4130.0186 S,28 42.9426 W 4355 10.6 4427

73/1 2014-01-1D5:15:59 4159.9922 S,29 1.9680 W 4437 12.6 4507

74/1 2014-01-1714:24:56 | 4230.0288 S,29 20.8440 W 4506 9.7 4580.3
75/1 2014-01-188:40:21 43).2556 S,29 38.6556 W 4479 141 4542.5
76/1 2014-01-186:51:51 | 4329.9814 S,29 57.7998 W 4689 -999 4763.1
7711 2014-01-190:04:17 44).0888 S,30 15.8160 W 4620 9.8 4692

78/1 2014-01-197:01:36 | 4430.0048 S,30 34.9896 W 5106 9.9 5202.5
79/1 2014-01-193:53:46 4%).0012 S,30 54.2496 W 4817 12 4899.9
80/1 2014-01-122:03:57 | 4529.4738 S,31 11.1168 W 5094 10.8 5181.4
81/2 2014-01-206:51:58 | 45%59.9454 S,31 30.7794 W 5262 8.8 5346

82/1 2014-01-204:26:11 | 4629.9196 S,31 48.4728 W 5240 -999 5343.7
83/1 2014-01-2@1:53:32 4659.9550 S,32 7.4442 W\ 5179 16.3 5276.8
84/1 2014-01-206:47:25 | 4730.5040 S,32 27.4422 W\ 5352 25.5 5438.9
85/1 2014-01-213:44:46 48).4248 S,32 46.6032 W 5325 27.1 5418.2
86/1 2014-01-221:50:55 480.1992 S,33 4.0284 W 4961 17 5048.7
87/3 2014-01-223:37:33 49.3876 S,33 22.1406 W 4940 85.3 5014.2
88/1 2014-01-220:54:52 | 4980.2460 S,33 40.3404 W 5176 -999 5273




SSS/CC Dat& Time Latitute& L ongitude BatiiDepth | DAB | CTDPres
89/2 2014-01-2®5:18:37 50.0462 S,34 0.0090 W 5043 9.9 5132.5
90/1 2014-01-232:24:07 | 500.0756 S,34 17.8866 W 4892 10.8 4969.8
91/1 2014-01-239:55:51 510.0264 S,34 36.8706 W 5000 9.8 5089.7
92/1 2014-01-243:09:57 | 5129.9664 S,34 55.8840 W 4816 9.8 4897.6
93/1 2014-01-220:24:02 520.0018 S,35 13.9800 W 4453 16.4 4528.6
94/1 2014-01-293:20:40 | 5229.9886 S,35 33.0000 W 3868 18 3928.3
95/1 2014-01-299:35:15 53.0564 S,35 50.8296 W 3526 8.7 3575.8
96/1 2014-01-285:24:46 5315.4182 S,36 1.6608 W 3295 -999 3339.7
97/1 2014-01-289:26:51 535.9002 S,36 6.9132 W 2716 14.4 2746.1
98/1 2014-01-223:44:27 | 535.6526 S,36 12.6408 W 1779 -999 1796.6
99/2 2014-01-2©3:12:01 | 5314.4006 S,36 14.5884 W 923 10.5 923.8
100/2 2014-01-265:49:12 | 53%1.0132 S,36 22.9896 W 219 10.2 209.8
1011 2014-01-287:37:54 | 55813.8114 S,34 44.2662 W 177 154 170.4
102/1 2014-01-289:34:02 | 5516.0608 S,34 37.7562 W 941 11.7 945

103/2 2014-01-2@2:50:10 | 5819.7742 S,34 31.7706 W 1836 9 1849.4
104/1 2014-01-203:11:56 | 5%35.9640 S,34 10.9590 W 2210 15.3 2234.7
105/1 2014-01-2108:22:58 | 5%9.9526 S,33 37.9692 W 2552 -999 2577.4
106/1 2014-01-275:48:24 | 5630.0036 S,32 56.8896 W 3719 10.2 3778.3
107/1 2014-01-222:32:00 | 5659.9250 S,32 17.2584 W 3703 15.9 3753.9
108/1 2014-01-286:35:50 | 5729.9832 S,31 35.9508 W 3399 10.7 3439

109/1 2014-01-283:13:06 581.6848 S,30 54.7092 W 3554 -999 3607.3
110/1 2014-01-220:05:32 | 580.0612 S,30 55.7736 W 2926 15.9 2949.3
111/2 2014-01-292:44:31 | 589.9448 S,30 55.4226 W 3093 11 3141.3




A16S Trace Metals Cast bottom data

SSS/CC Daté& Time Latitute& L ongitude BatiiDepth | CTDPres
1/1 2013-12-202:29:07 60.0690 S,25 0.1380 W 5799 1022.6
3/1 2013-12-26.8:12:12 70.0108 S,25 0.1446 W 5580 986
5/3 2013-12-274:00:38 759.9718 S,24 59.9328 W 5708 1001.3
7/1 2013-12-280:47:40 90.0060 S,25 0.1788 W 5619 1019.9
9/1 2013-12-285:29:05 9%9.9952 S,25 0.1188 W 5426 999.3
11/2 2013-12-299:41:36 110.0510 S,24 59.9412 W 5417 980.3
13/1 2013-12-299:37:47 1159.9886 S,25 0.0510 W 5808 1020.2
15/2 2013-12-315:06:39 | 159.9892 S,24 59.8344 W 5779 977.6
17/1 2013-12-3D2:22:45 140.0486 S,25 0.0390 W 5927 1000.2
19/1 2013-12-3118:29:26 15.0210 S,25 0.0768 W 5272 979.8
21/2 2014-01-0112:59:43 16).0648 S,24 59.9946 W 5667 1020.4
23/1 2014-01-023:51:50 17.0270 S,25 0.0336 W 5245 990.3
25/1 2014-01-024:42:19 18).1080 S,25 0.0228 W 5558 999.7
2712 2014-01-0®9:37:10 189.8398 S,25 0.0072 W 5799 981.3
29/1 2014-01-020:42:29 2(.0804 S,24 59.9682 W 6035 1021.8
31/2 2014-01-045:26:31 210.0672 S,25 0.1434 W 5217 582
33/1 2014-01-03:04:48 2159.9970 S,25 0.0054 W 5093 1002.2
35/1 2014-01-09.8:02:49 2259.8734 S,25 0.2676 W 5099 979.9
37/2 2014-01-062:43:48 | 23%9.9820 S,24 59.8920 W 5626 1022
39/1 2014-01-0@3:21:43 2459.9946 S,25 0.0708 W 5468 989.9
41/1 2014-01-023:36:42 2@).0054 S,25 0.2442 W 4894 1000.6
43/1 2014-01-083:36:13 2659.9658 S,25 0.2460 W 4767 979.6
45/1 2014-01-087:16:37 279.9148 S,25 0.2160 W 5316 1025.1
47/2 2014-01-09.1:05:26 289.9262 S,25 0.0522 W 5027 986.1
49/1 2014-01-022:00:03 3(.2010 S,25 0.0366 W 5606 998.1
53/1 2014-01-1D1:50:51 3159.7330 S,25 0.0840 W 4326 10215
55/1 2014-01-115:16:57 | 32%59.8302 S,24 59.8932 W 4622 978.2
57/1 2014-01-1P5:15:33 34).0810 S,24 59.9250 W 4027 1002.7
59/1 2014-01-128:36:47 35.1392 S,24 59.9250 W 4112 979.8
61/2 2014-01-132:08:34 38.1674 S,25 18.0360 W 4037 10215
63/1 2014-01-14€0:02:22 | 369.7768 S,25 53.7684 W 4119 991.6
65/1 2014-01-145:13:57 | 3759.5920 S,26 26.1432 W 4069 1001
67/2 2014-01-181:01:24 389.8662 S,27 9.7398 W 4136 980.7
69/1 2014-01-121:51:23 | 3%9.8692 S,27 47.9166 W 4299 1022.4
711 2014-01-14.1:49:57 410.3744 S,28 24.7746 W 4340 912.2
79/2 2014-01-196:22:57 | 4459.9262 S,30 53.8440 W 4843 1172.1
81/1 2014-01-204:31:36 | 4%9.5356 S,31 30.6702 W 5254 978.1
83/2 2014-01-2D0:25:53 470.4320 S,32 5.7234 W 5167 994.4
85/2 2014-01-216:17:32 48.4320 S,32 48.3606 W 5346 990.5
87/1 2014-01-2D3:38:27 | 489.9646 S,33 22.5834 W 4751 1002.7
89/1 2014-01-282:56:19 5@.3960 S,33 59.3682 W 5045 964.5
95/2 2014-01-291:34:24 | 52%9.9700 S,35 50.8830 W 3526 1022.1
97/2 2014-01-221:10:46 536.0052 S,36 7.2600 W 2622 991.7
99/1 2014-01-202:12:12 | 5314.4018 S,36 14.3940 W 935 895.2
100/1 2014-01-265:16:04 | 53%0.9706 S,36 22.3068 W 225 181.6
101/2 2014-01-268:09:22 | 5513.8822 S,34 44.3514 W 177 146.5
103/1 2014-01-2@1:34:48 | 5519.7382 S,34 31.6104 W 1847 1002.8
105/2 2014-01-270:06:02 | 5%9.9844 S,33 38.1882 W 2548 993.4
107/2 2014-01-280:44:58 | 5659.6286 S,32 17.3688 W 3687 1021.1
109/2 2014-01-285:19:43 581.7472 S,30 54.6936 W 3553 992.7
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Bottle Data Quality Code Summary and Comments

This section contains WCE quality codes [Joyc94] used during this cruise, and remayaslireg bottle data.

A16S Water Sample Quality Code Summary

Property 1 2 3 4 5 6|7 8| 9| Total
Bottle 0| 32120 | 36| 24| 8 olol o] 6] 284
Al 15 | 582 41 13| 0 40| 0| 0| as
CFC-11 0| 1285 | 374| 5| 38 0|0| 0| 2| moa
CFC-12 0| 1659 3| 2| 38 0|0| 0| 2| moa
Sk 0 | 1655 7| 21| 38 0|0| 0| 2| moa
cf ¥c/tc 1703 0 ol o| O o|o|o0| 0| mo3
density 113 0 0| o| O o|lo|o0]| 0| u3
Fe 15| 579 | 10| 10/ o/ 4|0| 0| 0| a8
3He 414 0 0ol o O o|lo| 0| 0| 44
Ammonium || 3261 0 0| o| O o|o| 0| 0| 261
80 254 0 ol o| O oO|0o|0| 0| >4
0, 0 | 2634 ol 5| 3 0O|0| 0| 0| ®42
ph 0| 2008 | 10| 62 | 14| 200| O O 2| 2296
pCO, 0| 687 2| 3| 4 1/0|0| 0| ®7
DIC 0 | 1941 41 9| 3[317| 0| 0| 1| 2278
tAlk 0| 1923 | 20| 33| 12| 306| 0| O 2 2296
Bertie 524 0 ol o| O oO|0o|0| 0| =4
Tritium 346 0 0| o| o o/o| 0| 0| 36
Nitrate 0| 2588 0| 1| 2|661| 0| 0| 9| 3261
Nitrite 0 | 2567 0| 1| 2|682| 0| 0| 9| 3261
Phosphate 0 2588 1| 1| 2|660| 0| 0| 9| 3261
Silicic Acid 0 | 2602 O 1| 2|647| 0| 0| 9| 3261
sAlt 0 | 3030 0| 0| 0|201| 0| 0| 4| 3235

Quality evaluation of data included comparison of bottle salinity and bottle oxygen data with CTDO data using plots

of differences; and rewvie of various property plots and vertical sections of the station profiles and adjoining
stations. CommentBom the Sample Logs and the results ofegtigations into bottle problems and anomalous
sample values are included in this report. Sample number in this table is the cast number times 100 plus the bottle

position number.

Table 16.3A16S Bottle Quality Codes and Comments

Station Sample Quality

/Cast Number Property Code Comment

001/02 201 Bottle 3  Bottle leaking.

001/02 206 Bottle 3  Bottle leaking.

001/02 206 Dissolved 02 4 Bottle value lav for CTD up and down profile.
001/02 207 Bottle 3  Bottle leaking. Loose o-ring.
002/01 101 Bottle 3  Bottle leaking.

002/01 104 Total Alkalinity 9 Sample not drawn.

002/01 104 pH 9  Sample not drawn.

002/01 122 Bottle 3  Bottle leaking due to open vent.
003/02 201 Bottle 3  Bottle leaking.

004/01 109 Bottle 3 Spigot leaking.



Station Sample Quality

/Cast Number Property Code Comment

004/01 124 Dissolved 02 5 Sample lost.

005/02 201-224 Bottle 4  All Bottletles offset by one position.

005/02 214 Bottle 4  Both Nutrients and Oxygen values aré dfikely mistrip.
005/02 214 Dissolved O2 4 Bottle value high for CTD up and down profile.
006/01 106 Bottle 3 Lanyard caught in top cap. Leaking (air in sample).
007/02 215 Bottle 3 Ventvalwe was open.

008/01 108 Salinity 9  Sample not taken.

009/02 109 Bottle 4  Bottle did not close. No samples.

009/02 109 Bottle 4  Bottle did not close. No samples.

009/02 109 Salinity 4  Bottle did not close. No samples.

010/01 117 Bottle 3 Ventvalwe was open.

011/01 101 Bottle 3 Ventvalwe was open.

015/01 121-124 Bottle 2 Incinerator burning. Possible carbon contamination.
021/01  101-106 Bottle 2 No gloves worn during sampling.

021/01 108 Bottle 3 Ventvalwe was open.

021/01 108 Dissolved O2 4 Bottle value lov for CTD up and down profile.
021/01 115 Bottle 3 Major Bottletle leak.

021/01 116 Bottle 3 Major Bottletle leak.

022/01 118 Bottle 5  Niskin didn' close.

025/02 213 Bottle 3  Slight leak. Bottle dripping.

027/01 101 Bottle 3 Ventvalwe was open.

028/01 102 Total CO2 2 DIC Bottletle 303 is greaseless, without HgCI 2.
028/01 104 Total CO2 2 DIC Bottletle 304 is greaseless, without HgCI 2.
029/02 206 Bottle 3 Spigot leaking.

029/02 206 Dissolved O2 4 Bad oxygen value. Likely due to leak.

029/02 206 Total Alkalinity 9 No sample taken due to the leak.

029/02 206 Total CO2 9 No sample taken due to the leak.

029/02 206 pH 9 No sample taken due to the leak.

029/02 206 pcDissolved 02 9 No sample taken due to the leak.

029/02 212 Salinity 9  No water left for sample.

029/02 217 Salinity 9  No water left for sample.

029/02 218 Bottle 5  Bottle did not close.

030/01 118 Bottle 5 Bottle did not close. Carousel head changed after sampling.
030/01 124 Bottle 3 Bad Leak.

035/02 206 Bottle 3 Lanyard caught in top cap.

035/02 208 Bottle 3 Lanyard caught in top cap.

036/01 101 Bottle 3  Bottle leaking.

037/01 106 Bottle 3 Lanyard from Niskin 5 caught in top cap.
037/01 106 Dissolved O2 4 Oxygen law. Likely due to leak.

041/02 218 Bottle 5  Niskin didn' close.

042/01 118 Bottle 5  Niskin didn' close.

043/02 218 Bottle 5  Niskin didn' close.

044/01 118 Bottle 5  Niskin didn' close.

048/01  120-124 Bottle 5  Niskin didnt close. Computer error.

051/01 106 Bottle 3 Badleak.

051/01 115 Bottle 2 Hands without glees sampled.

051/01 123 Bottle 2 Blackish residue on niskin nipple.

061/01 101 Bottle 2 No gloves worn by 1 person.

061/01 102 Bottle 2 No gloves worn by 1 person.

061/01 122 Bottle 3 Lanyard caught in Bottletom cap. Leaking bottle.
069/02 215 Bottle 3 Lanyard caught in top cap. Possible leak.



Station Sample Quality

/Cast Number Property Code Comment

070/01 118 Bottle 3 Leaking.

072/01 122 Bottle 3 Larnyard caught in cap. Leaking.

072/01 122 Dissolved O2 5 Sample lost.

075/01 122 Bottle 3 Lanyard caught in bottle top cap. Leaking.
076/01 122 Bottle 3 Lanyard caught in bottle top cap. Leaking.
083/01 116 Dissolved O2 5 Sample lost.

091/01 122 Bottle 3 Lanyard caught in Bottletom cap. Leaking.
093/01 118 Bottle 3 Leaking.

094/01 101 Bottle 5  Niskin didnt close but pin tripped.

095/01 118 Bottle 3 Major leak.

099/02 101 Bottle 5  Niskin didnt close but pin tripped.

103/02 218 Bottle 3 Leaking.

107/01 121 Bottle 3 Battle hit during receery. Leaking.

109/01 122 Bottle 3 Lanyard caught in Bottletom cap. Leaking.
111/02 218 Bottle 3 Leaking.

112/01 118 Bottle 3 Leaking.

112/01 122 Bottle 3 Leaking with vent closed.

113/03 313 Bottle 2  Cigarette smoke.

113/03 314 Bottle 2  Cigarette smoke.
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CCHDO Data Processing Notes

Date Person Data Type Action Summary
2014-04-10 McTaggart, Kristy  CTD Submitted final data, to go online
These final CTDO and bottle salinity data are in .SEA format and should be merged into the al6s_hy1 .csv file.
2014-04-10 McTaggart, Kristy ~ CTD re-Submitted revised data set, to go online
These CTD profiles should replace those submitted earlier today. These data files have been properly
formatted.
2014-04-10 McTaggart, Kristy = CTDOXY  Submitted final data, to go online

These are final CTD profiles for A16S 2014. The final bottle data and documentation will be submitted
directly to Alex Q.

2014-04-24  Staff, CCHDO CTD Website Update  Available under 'Files as received'
The following files are now available online under 'Files as received', unprocessed by the CCHDO.
al6s_final_ctl .zip

2014-04-24  Staff, CCHDO CTD Website Update  Available under 'Files as received'
The following files are now available online under 'Files as received', unprocessed by the CCHDO.
al6s_final_ctl .zip

2014-04-24  Staff, CCHDO BTL Website Update  Available under 'Files as received'
The following files are now available online under 'Files as received', unprocessed by the CCHDO.
al6s_final.sea

2014-05-01  Staff, CCHDO CrsRpt Website Update  Available under 'Files as received'
The following files are now available online under 'Files as received', unprocessed by the CCHDO.
A16S_Doc.pdf

2014-05-01  Quintero, Alex CrsRpt Submitted updated
Updated cruise report.
2014-05-02  Staff, CCHDO BTL Website Update  Available under 'Files as received'

The following files are now available online under 'Files as received', unprocessed by the CCHDO.
al6s_hyl.csv

2014-05-02  Quintero, Alex BTL Submitted to go online
This is the bottle file with the updated ".sea" parameters merged in.

2014-05-07 Kappa, Jerry CrsRpt Website Update  Preliminary PDF version online
I've placed a new PDF version of the cruise report: 33R020131223do.pdf
into the directory: http://cchdo.ucsd.edu/data/co2clivar/atlantic/al6/al16s_33R020131223/ .

It includes all the reports provided by the cruise PIs, summary pages and CCHDO data processing notes, as
well as a linked figures, tables and Table of Contents.
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